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1. INTRODUCTION 
101 .Background 
Research on the dynamic response of highway· bridges to moving 
vehicles .has been extensive and the accompl ishments of these efforts are 
.J~ 
documented in the 1 iterature (1, 2~ 3,4,5): Initial efforts were aimed 
,at predictil!g or measuring the maximum response, because peak stress or 
Ilimpact" is needed for design on a working stress basis. More recently 
fatigue behavior has become of concern. The oc~urrence 01 fatigue damage 
in certain details and jncr~ases in traffic volumes and average gross 
vehicle weights all contribute to,this concern. Thus, E~tention has been 
focused on the entire time-history of dynamic response and the stress 
historyproblemo 
Analytical work has been directed at predicting both the static 
and dynamic response ofvartous models of the hridge~vehicle syst~m. The 
bridge idealizations ·include simple and multi-span beams with lumped . 
ma~ses, plat~s continuous over flexible beams, finite difference.grids, 
and finite element models. In general, the analysis of these models 
yields time-histories of moment and defl,ectionat specified locations, 
and many 9f the studies include exhaustive analyses of the bridge-vehicle 
system parameters. Initially field tests involved loadings with standard 
test vehicles or small numbe:rs ofloadings~jth regular traffic; often 
only the maximum bridge response was.determined. Other field tests have 
considered large samples of traffic but. lack a complete set of vehicle 
characteristics.· The AASHO Road tests include'd extensive testing of 
bridges, but traffic loadings were not consid~red and the structures 
were idealized in that they were designed and loaded to behave 
* Numbers in parenthesis refer to items in REFERENCES. 
2 
essentially a~ beams. 
These analytical models and field tests are valuable deterministic 
tools and eventually will provide a basis for development of probabilistic 
analytical methods for forecasting the stresses in bridges under high 
volumes of heavy truck traffic.· Analytical models must be verified and 
cal ibrat~d with experimental data to be convincing for design, but, even 
given a valid model, the appropriate input data describing the hig~ volume, 
heavy truck traffic stream is difficult to deterlnine except with perhaps 
ex~essive simplifications. Also, it ii expensive (4) to use the more 
refinedcomput~r based models to ~imulate the quantity of time-histories 
~ecessary to establish a data base representative of traffic loadings. 
Thus, there is a need for continuing field test programs to 
create a statistically valid data base describing the entire stress history 
of ·selected bridges· under heavy traffic·volumes and describing the 
characteristics of those traffic streams. This data will be usef~l in 
validating, refinfng, and implementing existing·theoretical models of· 
the bridge':"vehicle system a,1d iri providing a data base for use in variable 
range fatig~~ studies. 
This re~ort is based on 'research which is part of the 
investigation IHR-85, Dynamic Stresses in Highway Bridges, conducted by 
the Department of Civi 1 Engineering of the University of Ii i inois at 
urban~-Champaign. Project IHR~85 is one of several recent field progra~s 
with similar objectives. To a certain extent, the studies complement 
each other in that they establish a broad data base. However, beyond that 
this study is un'ique in that a very large:number (over 25;000) of time-
h1stories with corresponding v~htcle data have been placed in perman~ht 
computer storage for analysis. 
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1 • 2 Ob i ~ c t i ve s 
The broad objective of the study is to es~ablish a 
statistically useful data base describing the traffic stream and the 
corresponding stress history of bridge response for a signfficant volume 
of heavy trucks. Three typical highway bridges are considered o Specific 
objectives are directed to\vard data acquisition methods and data analysis 
and interpretation including a deterministic study of the' behavlor of the 
bridge-v~hicle system, statistical descriptions and correlations of the 
traffic stream and the bridge response, a study of the sensitivity of 
ma;><imum b'ridge response to certain load parameters,. and analysis and 
interpretation of the time-histo~ies yielding frequency distributions of 
stress history for use in fatigue life predictions. In all analyses, 
the mean, standard deviations, and coefficient of variation are 'presented 
as aids to interpretation on a 'prObabilistic ba~is. 
To meet these objectives, time-histories of 'hridge response, 
i.e., strain and deflection, were obtained for over'2700 heavy traffic 
veh;cles with supplementary data taken for each truck deicribing its 
significant load characteristics. A unique feature of this study is the 
~stablishment cif one-to-one cor~esponden~e between the time-histories 
and the load characteristics for over 1200 of the trucks. In addition, 
two series of tests 'were conducted with a standard test vehicleundef 
controlled conditions. 
1 .3 Scope 
Four field testing programs have been ccmducted at three 
different bridges. All bridges tested have been two-,or three-span 
continuous steel stringer structures with concrete deck slabs. 
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The first series of tests concentrated on loading the bridge.wfth a 
standard test v~hicle; over 130 ~est runs were made. The remaining tests 
were conducted at bridge~ located on interstate· routes so that bridge 
response to. high vo.lumes of heavy truck traffic could be studied. Some 
~700 vehicles crossed the bridges during\these tests, and the load 
parameters of gross vehicle weight, axle weights, axle spacings, speed, 
and in some cases tral1S'/erSe position were measured for each of these 
trucks. Complete time-histories of strain and deflection at selected 
bridge locations were recorded. A detailed description of th~ four field 
testing programs is given in Chapter 2. To handle this volume of data, 
it wasnec~ssary to use an~utomated .system for data recording, reduction 
and analysis; this system and some of the development work required is 
_descr i bed J n Chapt~r 1. 
A deterministic study of bridge behavior is presented in 
Chapter .IV; it draws upon the results obtained primari ly with the standard 
test vehicle data and is presented to aid study and subsequent understanding 
of the large volume of stress history data from the traffic tests. The 
characteristics .. of the heavy truck traffic crossing the bridges during. 
these tests is presented in; Chapter 5; statistical descriptions are given 
and a comparison is made with State of Illinois traffic survey data for 
comparable time periods and locations. Studies of the ma;<imum bridge 
response as a function of primary load parameters are presented in 
Chapter 6; gross vehicle weight, truck length, speed, and spacing between 
tandem axles are considered. Statistical interpretations of the ·traffic 
time-histories in terms of ~train range and partial strain ranges are 
presented in Chapter 7. This data is compared to the vehicle 
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characteristics on a statistical basis and evaluated in terms of 
application to prediction of fatigue life. A summary of significant 
findings and concluding remarks are given in Chapter 8. 
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20 DESCRIPTION OF FIELD WORK 
2. 1 Gene ra I 
Field tests were conducted on three bridges, one two-span and 
two three-span continuous structures with conventional longitudinal rolled 
steel girders and concrete deckso Major emphasis was placed on measuring 
the bridge response for a large number of heavy traffic loadings. Time-
histories of strain and deflection at selected locations were recorded and 
the significant parameters needed to describe each heavy traffic vehicle 
that crossed the bridges were measuredo Tests were also made with the FHWA 
test vehicle under controlled conditionso In two of the test series, a 
one-to-one correspondence was established between the weigh station truck 
data and the bridge response time-histories; this enabled the bridge 
vehicle crossing. The numbers of vehicle crossings in the four series of 
field tests are given in the table below. 
Test Number of Test Runs 
Series B r j dge FHWA 
Test Truck Traffic 
Salt Fork River, 1967 130 12 
2 Shaffe r Creek, 1968 77 302 
3 Shaffe r Creek, 1969 0 ;J 4 C.Bo &Q., 1969 0 1,497 
An important constraint during the field test program was the 
technique used to record and process the data, and the development of an 
efficient technique is a major tasko In test Series 1, although some 
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magnetic tape equipment was used, part of the data taken in the field was 
recorded on conventional oscillographs using light-sensitive paper. These 
records had to be digitized using manually operated analog-to-digital 
conversion equipment. For the remaining test series, computer software 
systems were developed for automated, high speed digitization of large 
batches of data recorded on magnetic tape. These are described in 
Chapter 3. 
2.2 Bridge Selection 
The bridge 'type and ·structural configuration, average daily 
traffic volume,closeness t.O a state weighing station, and accessibility 
were prime criteria in the selection of the test bridges. 
A three-span bridge close to the campus of the University of 
Illinois at Urbana-Champaign was selected for Series 1 •. Designated as 
the Salt Fork River Bridge, it carries U.S. Route 150 over the Salt Fork 
River just east of St. Joseph, Illinoiso The extensive background 
experience of the investigators in the analysis of three-span continuous 
bridges ~asa prime reason for this choice. The desire to have test 
conditions to provide the degree of control necessary for developing. 
field testing techniques led to the decision to use the FHWA test vehicle 
nearly exclusively for loadtng of the bridge.in Series 1, with the exception 
of 12 traffic crossings. It also mfght be noted that the methods for data 
recording and processing available to the project at that time (1967) 
permitted a relatively limited amount of data to be taken and analyzed 
. efficiently. Both the static and dynamic behavior of the bridge could be 
studied and the, influence of vehicle speed and transverse position on the 
bridge response could be thoroughly evaluated. The first bridge site was 
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selected on a route with low traffic volume so that the controlled test 
vehicle crossings would not interfere with normal traffic. 
For Series 2" a bridge was selected on Interstate routes 1-280 
and 1-74 near Rock Island-Moline" Illinois, in the tONn of Coal Valley 
about two miles east of the Quad Cities Airport. It carries eastbound 
traffic over the Shaffer Creek and is designated the Shaffer Creek Bridge o 
A state truck weighing station is located about one mile before the bridge 
and was used for measurement of axle weights and axle spacings of ~11 
trucks considered. Crawl (static) and dynamic behavior of the bridge was 
evaluated "first using the FHWA test vehicle" and then the dynamic response 
ofth~ bridge to "heavy truck traffic was measured. 
Test Seties 3 wa~also conducted on thci Shaffer Creek Bridge,,: 
but bridg~ response was recorded for heavy truck traffic only. Approximately 
900 heavy traffic vehicles crossed the bridge and were recorded during this 
test period; again" axlci weights and axle spacings of all vehicles Were 
measured and the vehicles were identified at the bridge so that the time-
h'istoriescould be correlated with the weigh station data~ In combination 
with the data from Series; 2J a sigrlificant data base of time-histories :of 
bridge response with correspondihg truck characteri~tics wa~ available for 
use in studying 'the .behavior of the bridge-vehicle sy~te~. 
For Series 4J a bridge was selected Oh Interstate route 1-80 
hear Moline, Illinois; at this 10c~tion I-80 is orlented north-south ahd 
carri~s westbound tr~ffic to the Mississi~~i River c~ossingo The btidge 
crosses the C.B.' & Q. Railroad'and has thus been designated the C.B. & Q. 
Bridg~.~he volume bf heavy tr~ck traffic at this location was con~iderably 
higher than at ~ither of the previous t00 locations~ A state weighing 
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station is located on 1-80 about three miles past the bridge, but the 
interchange with Illinois Route 84 intervenes between the bridge and 
the weigh station. Although no quantitative measurements were made, 
based on observation of the traffic at the intersection, it is felt that 
relatively few heavy trucks exited or entered; perhaps 90 percent of the 
truck traffic crossing the bridge is represented in the weigh station 
measurements. A one-to-one correspondence between the trucks .that crossed 
the bridge and those that stopped at the weigh station could; not be 
established as had been. done in Series 2 and 3. Approx~mately 1500 heavy 
trucks crossed the bridge in traffic during Series 4. 
2.3 Description of the Bridges 
2.3.1 Common Characteristics. A.11 structures tested were' of the 
common multigirder and reinforced concrete deck slab d~sign·and were 
continuous over two or three spans. These structures may be susceptible. 
to fatigue failure when locations for potential fatigue crack initiation 
and propagation are present such as at points of st~ess concentration, the 
cutoff of coverplates or other attachments, or when defects are p'resent in 
the welded connections of builtup members. The bridges were straight and 
non-skewed and were supported on simple roller and rocker supports. The 
support conditions and non-skew geometry were particularly desirable to 
match the assumptions of the available theoretical models. All bridges 
were desi'gned f9r noncomposJte action, that is, without shear connectbrs. 
The geometry, structural configuration, and design details of the 
bridges are summarized in Table 2.1. An elevation and cross section for 
each bridge is shown in Fig. 2.1; also shown is the numbering system 
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assigned to the beams and the position of the center 1 ine of the various 
paths of travel or traffic lanes on the test structureso Photographs 
and additional descriptive material are presented in Ref. 6. 
2.3.2 Salt Fork River Bridge. The Salt Fork River Bridge, 
designed in 1939 and designated S.B.I. Rt. 10, Sec~ 2-x-8, Champaign 
County, StaG 165+23, is a three-span continuous steel stringer structure 
with span 1erigths of 75[-96 1 -75' .. The five 36WF170 longitudinal stringers 
with top-and bottom cover plates over the piers are spaced at 7 ft-6 in. 
The concrete deck slab is 7 in. thick and 32 ft-4 in. wide including 
concrete curbs 8 in. by 40 in. along both edges. The bridge and the 
approaches are straight and level; the deck was judged to be smooth. 
The beams are numbered 1 to 5 from north to south. The three travel paths, 
designated la~es 1, 2, and 3, correspond respectively to the centerl ine of 
the westbo~nd tr~ffic lane, the centerline of the bridge, and the cenierline 
of the e~stbound traffic laneo 
2.3.3 Shaffer Creek Bridge. The Shaffer Creek Bridge was 
designed in 1958 and is designated.F.A.I. Rt. 74, Sec. 81-3B-l,.Sta. 
594+68.00. The bridge is divided by a longitudinal joint at the roadway 
centerline so that the portions carrying the normal traffic lane and the 
passing lane are structurally separate and behave independently. All 
descriptions and references to the Shaffer Creek Bridge in this report 
refer to the five beam structure that carries the normal traffic lane. 
It is a two-span continuous steel stringer bridge with equal span lengths 
of 43 ft. There are five 24wFIOO stringers spaced at 5 ft-6 in.; there 
are no cover plates. The concrete deck slab is 7 in. thick and 25 ft-4 in. 
11 
w.i de with the concrete curb ,a 1 ?ng the south ~,dge, and the long i tud ina 1 , 
deck joint on the northedge~, , The beams have been numberedl to 5 from 
soutb to north. The ~ridg~ and approach ar~ ,straight with only a 0.2 
percent upward grade. In J969 ~h~ bridge .had an average daily traff1c 
, vo 1 u me 0 f 6 1 00 . 
'" I 
lhe three test vehicle travel paths} de~ignated lanes 1~ 2, and 
3, correspond respectively to. the vehicle centered over beam 3, th~, vehicle 
centered in the rtght(~raffic)lane, and th~ vehicle positioned with one 
line of wheelsdirec~ly over beam 5 with th~other.wheels on the four beam 
structur.e. The ,wheel, ,load!:iforthe normal traffic lane stradd1.e peCl IT1 4. 
; . , .., . . ~ 
20304 'C.B. & Q. Bri'dge. The (.B'. & Q. Bridge, designed in 1958 
and designated F.A.I. Rt. 8d~ Sec. 81-IV~, StaG 277~ll.45, is a three-span 
"'--"'c'o'rlt'j IiUoQs'ste'el' stri n'ger st'ructure'wi th 'spanl engths:'of'ab:out, 50· r ""76 1-S(] '. 
The fi~e 36WF1~Ostringers are spaced at 8 f~, and top and bo~to~ cover 
pl~tes ar'e used over the piers and ,y~ the center'of the midile span. The 
l' in~' thi~k, 36 ft ~ide, rein~orced concrete dec~ ha~ 36' in.x'9 in. 
concret~ curbs along both edges. Th~ bridge and the approach ar~ straight 
and on a pos it ive grade of about' '1 percent. In 1969 the average dai 1 y 
traffic' (ADT)'at this locat'ion was 10,700 vehicles. The beams are numbered 
1 to' 5 from east t~ west; ~nd vehicles ~e~t~red in the normal traf~ic l~ne 
straddle beam 2." 
2.4 Description of the Loads 
204.1 FHWATest Vehicle'. The FHWA test vehicle was used to load 
the bridge in Series 1 and for the first part of Series 2. This vehicle 
was supplied by the U.S. Department-of Transportation, Federal Highway 
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Admin istration, and is a ·test vehicle used in many recent field tests (7) 
and the AASHO Road Tes t. It is ?l th ree axl e· tractor, semi - tra i 1 er 
combination which can be loaded to simulate approximately an HS20-44 
loading. For this load simulation in the pre~ent invest~gation, th~ 
steering axle weighs about 905 kips and the drive and trailer axles weigh 
31 to 34 kips depending upon the materials (concrete or scrap metal) 
available to load the truck. In Series 1 a limited number of tests were 
made with the truck carrying·a 1 i~hter load; these were ref~rr~d to as the 
half-load tests. However, consideratioh has only been given to the full 
load tests· in this· reporto The axle loads for each test program are given 
in Fig. 2.2; also shown are the axle spacings and the axle widths. 
The axle weights, axle spacings, and vehicle suspension 
characteristics were known and constant when using the FHWA test vehicle. 
The vehicle speed and transverse position ?~ the bridge are the main 
control·led variables and were measured for each run. The initial conditions 
of the vehicle as it entered the bridge were essentially random, but were 
measured approximately by recording axle housing strains which could be 
related to the interaction force between the tire and the road surface. 
It should be noted that the FHWA test vehicle has single axles, 
whereas the corr~sponding legal vehicle has tand~m axles. Thus, the FHWA 
vehicle will cause static beam moments only slightly higher than a typical 
35-2 truck of equal weight; the slab, however, is sensitive to individual 
wheel loads, and the transverse slab moments induced by aSinglea·xle may 
be significantly higher than those caused by a tandem axle carrying the 
same load. 
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2.4.2 Heavy Truck Traff ic. The response of the br'idge to heavy 
truck traffic (GVW over 16, kips) was studied in Series 2) 3, and 4. 
Vehicle characteristics that are'controlled when using the FHWA test' 
vehicle are random variables when traffic loads are cons idered.The most 
significant of these are gross vehicle weight, axle ,weights~ axle spacings, 
total length, and vehicle suspension characteristics. Vehicle speed was 
also, a variable and was measured at the bridges. The transverse' position 
of each truck on the bridge varied within the l'imits of the regular traffic 
',lane for most of the vehicles; few trucks crossed the bridges ·either 
partially or totally in the passing lane.. In Series 2, the transverse 
posltion was measured by obse~vation to the nearest six inches.; ·No ~edord 
of transverse position was made during Series 3 or 4; " howeverj as~umptions 
.can be made concerning .the variabil ity of transverse position for these 
series that are justified by the Series 2 results. It was not possible to 
measure vehicle suspension characteristics or:the initial oscil1atron: 
conditions of .the .traffic vehicles. Theoretical stud·ies,have shown that 
these parameters ~o ihfluence the bridge response and their variation 
accounts for scatter in the measured maximum bridge response for vehicles 
;with equal axle weights, axlB spacings, speed, and transverse-position. 
Th is is discussed in deta i 1 in Chapter 6. 
205 Instrumentation 
The basic bridge response quantities measured for all tests were 
time-histories of beam strain and deflection at selected 10cationso 
Primary interest, of course, was in the strain measurements. In addition" 
time-histories of strain were measured on one or more deck slab transverse 
reinforcing bars in each test. 
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Primary strain measurements were made at cross sections 
selected to give an indication a! the overall bridge response (e.g., 
midspan or ata point of maximum moment) or near a point critical for 
fatigue (cover plate cutoff). Thus, for the two-span bridge, beam strains 
were measured at the center of the two spans and over the center pier. 
For the three-span bridges, beam strains were measured at the center of 
the middle span, the 0.42 point of the side spans,and at'coVer plate' 
cutoff ·points. Selected top flange strains were recorded to give an 
indication of the location of the neutral axis. Beam strains were measured 
by two SR-4 type A-I strain gages on the bottom surface 'of the lower flange 
,and a sfngle gage on the bottom surface of the upper~flange; these ~ages 
were .placed two inches from the flange ,tips. 
Strains were measured on selected bottom transver,se ,slab 
rei,nforcing bars midway between the stringers and about five feet from 
the bridge entrance. Single strain gages·were used for thesemeasur'eme'nts. 
Deflect ions were usually measured at the same prrmary cross:, 
sections as beam strains in each span. Standard deflectometers ofFHWA 
des ign (see for example Ref. 7) were us·e-d and cons ist of. a tapered 
cantilever with one end clamped to the bottom flange of the stringer and 
the other end held at a fixed elevation bya 'wire anchored to the ground. 
The cantilever bends as the bridge deflects, and the strain in the 
cantilever is proportional to the deflection. No deflections were measured 
in Series 4 because the bridge was over a railroad and it was not practical 
to anchor the deflection gages to the ground at the sections of interest. 
The specific measurements in each series varied, but the 
quantities selected for measurement were chosen from the possibilities 
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discussed above; priority was given to midspan strains on the heavily 
loaded beams. 
The designations of the cross sections chosen for instrumentation 
are shown in Fig. 2.'1, and the locations and identification of the gages 
used in all test ~eries are shown in Figs. 2.3 to 2.5. Complete information 
including the type of data recording equipment used f6r ~ach gage is 
summarized in an 'Interim"Report 'on the research program, Ref. 6. 
The FHWA test vehicle for both'Series 1 and 2 was instrumented 
with' strain gages mounted on 'the housing of the drive and trailer axles 
and the output of these gages was recorded on an oscillograph in the truck. 
Thes'e gages measured the moment (strain) gradient in the axl:es which is 
pro~ortidnal tdthe shear, or thus approximately to the intetaction fo~6e 
between the wheel and the roadway. A switch mounted on the underside of 
thefront'bumper was tripped by blocks placed on the roadway as the truck 
entered the bridge, crossed midspan, and exited the bridge; this' actuated 
an'eventmarker'on':the oscillograph trace which allowed the truck redords 
to bec6rrelated with the bridge ~esponse re60rds. 
2.6 Test Procedure 
For loadings with the FHWA test vehicle, the two basic var~ables 
were speed and transverse pos ition. Various transverse posit,ions were 
se!ected and designated as lanes (see Fig. 2.1). A group of test runs 
were made for a range of speeds in each lane. First a series of crawl 
runs 'were made with the truck moving at about 1.5 mph, then a series of 
speed runs were made at nominai speeds from iO to 60 mph in 5 mph 
increments. To the 1 imits of careful use of the vehicle speedometer 
and tachometer the selected speed was held constant during the bridge 
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crossing. At the conclusion of these speed tests, a second series of 
crawl tests was made. 
A different procedure was followed for the; regular ·traffic 
loadings. All trucks stopped at the state weighing station where axle 
weIghts and axle spacings were measured. A description was recorded for 
each, truck and a serial, identification number was assigned. In bqth 
Series 2 and 3 at the Shaffer Creek Bridge, this informatiol;l was rad.Joed 
to the ~ridge site where an observer again identified each truck and 
recorqed the assigned number on the voice channe lof the magnet i c:tape ; 
b~lng used to record the br1dge response. This pro~ided a positive 
correlation between the truck record.s at the we igh station and the. time:-
histories recorded at the bridge. No such corre.lation was·-possibl,e in 
Ser i es 40 
In Series 1 and 2, pneumatic switches and rubber hoses were 
placed on the pavement at the entrance and exit to the .bridge. An, event 
marker was recorded on one channel of each oscil10graph~nd.magne.t)c t~p~ 
unit as the axles crossed these hoses to provide vehicle positiondata~ 
This system was replaced by 1 ight sources and photocells in the last two 
series of tests. An event marker (pulse) was placed on the ma~h~tic tape 
as the wheels interrupted the light beams. 
The recording equipment was started manually for each test run 
inS e r i e san d 2. I n add i t ion, cal i bra t i on s 0 f e a c h c han n e 1 we r'e rna de 
at selected times during the' ea~. and an average calibration factor was 
used to scale the recorded signals to appropriate engineering units of 
strain or deflection. 
1 7 
The operation of the recording equipment \vas automated in test 
Series 3 and 4. A vehicle sensing (starting) device detected approaching 
vehicles approximately 500 ft before the bridge and started'a sequence of 
events: The recording equipment was started.and a ;calibration step was 
p 1.3ced on. each data cha nne 1; normal] y the· ca 1 i b rati on, was comp 1 e ted. before 
~he vehicle arrived at the bridge. After the end of the cal ibration step 
the output of each strain and deflection gage was cpntinuouslyrecorded as 
the vehicle crossed the br·idge. The system automatically stopped after a 
preset time duration unless another vehicle tripped the vehicle sens1ng 
devic~ in which case the tilner ,was reset. This provided a sequence of 
event~ (s ignals) on the ,magnetic tape for eathvehicle and permitted 
automated, data' reduction. The vehicle senSing device used in Series .} 
was a photocell ~ this started the system for cars as well as trucks. 
Since data for the cars was not needed" in Series 4 the start photocell 
was replaced by a simple sound level sen~ing device which triggered a 
relay switching system for only the higher noi~e level of the trucks. 
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3. DATA REDUCTION AND PROCESSING 
3.1 Data Reduction 
3.1.1 Truck Data. The data recorded at the weigh stations for 
trucks was summarized on standard forms and subsequently punched on computer 
cards. This data was stored on computer magnetic disk in random acceSs 
files for Series 2 and 3; these records are identified by assigned truck 
numbers so the characteristics of any given vehicle ~an be ret~ieved. 
Since there is not a one-to-one relationship established between the trucks 
that stopped at the weigh station and those that' crossed the bridge in 
Series 4, this truck data is stored only on computer cards. Thus, axle 
weights, gross vehicle weight, axle spacings, total length, body type, 
and speed are conveniently available either from computer cards or disk 
storage. 
3.1.2 Reduction of Time-Histories. A basic decision underl ies 
this discussion, namely, that it is essential to retain for study a 
representation of the entire bridge response time-history., This is 
necessary in order to study bridge behavior in detail, val idate theoretical 
models, and implement fatigue interpretations of the data that cons ider 
the entire time-history of response. Thus, a major requirement ~or this 
research was the development of a systemat ie, automated, high speed method 
of converting the time-histories recorded in the field in analog form to 
sets of cali'brated digital values in a form convenient for computer 
processing. Progress in the development of data handling depended on 
the availabil ity of equipment; the four stages of development are described 
in the following paragraphs. 
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At the start offield testing in- 1967, light-beam oscillographs 
producing traces on photographic·paper were still used for retording the 
signa.ls from the strain and deflection gages. These traces were digitized 
manually with the aid of 'a Benson-Lehner Oscar E oscillograph reading 
machine; the machine output was in dig'ital form and was punched on computer 
cards. The calibrations were digitized separately. This process was slow, 
tedious, and inadequate for digitizing large numbers of time-histories. 
Although oscillographs were used" the preferred method for 
. recording the data signals was FM analog magnetic tape. At first these: 
records;were digitized using a single-channel Northern Scientific Corporation 
, Mod~J554 analog-to-digital converter with card output •. This relatively 
slow process took about twenty minutes to digitize and punch cards for one 
t.ime-history for one channeL Cal ibrations were digitized separately. 
Th.j·s·-method was an improvement over the oscillographs, but was .. unacceptable 
. for digitizing large numbers of~trates .. It was used todigitiz~ much of 
the data from test;Series 1 . 
. A.new·system for A-D conversion b~came available·for test Serles 
2; it used the IBM 1800 computer at the 'Digital Computer 'Laboratory of the 
University~of III inoi~ at Urbana-Champaign which was equipped with ahi~h 
speed, multi-channel analog";to-digital conversion capabil ity. The -process 
was controlled by the user interacting with the computer ;in a remote terminal 
operation. The operator must input information concerning the test run 
about to.be digitized, locate the test record and position the analog 
magnet i c tape, s ta rt the compute r and the tape recorde r'" s top the tape 
recorder at the end of the run, and give appropriate terminating commands. 
The digitized V~lues were written on computer magnetic' tape storage~ 
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Cal ibrationswere digitized separately. The system was used to digitized 
seven channels of data simultaneously for each truck crossing. The entire 
process took about five minutes; the actual digitization required only a 
fraction of this time. This system represented a major improvement in 
terms of time and form of output and was used to digitize about half of 
the data from Series 2. 
The current system for digitization of the data uses a small 
digital computer with a high speed, multi-channel A-D conversion capability; 
the basic unit is a Spiras 65 mini-computer and is part ,of the instrumentation 
laboratory of the Department of Civil Engineering at the University of 
Illinois at Urbana-Champaign. The digitization procedure is an automated, 
continuous process requiring a minimal amount of monitoring. Additional 
data is taken in the field to allow this automation. The time-histories 
from all gages and certain logical information were recorded using one 14 
channel tape recorder in a standard, format of signal form and time sequence. 
Automation of the digitization was achieved using software that makes 
decisions based on these logical sequences of events. The magnetic tape 
is played back into a multi-channel (16 maximum) A-D converter;- the output 
from this device is input to the mini-computer, and software controls the 
flow of data. In the current application, the system digitizes all 12 
data channels for each run, stores the values on digital magnetic tape, 
and proceeds directly to digitizing the next run. Calibration steps were 
put on each channel before each truck run, thus they do not have t~ be 
processed in a separate step. Processing 12 channels of data for one truck 
run requ i res about five seconds. The computer' 10gic and software for the 
Spiras 65 was developed by Spiras Systems, Inc., the suppliers of the 
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system hardware; however, the broad logic of the process. Was part of the 
work for this study. This.system was used to digitize more than half, 
of the data from Series 2 and all of the data for Series 3 and 4. 
The sequence of events recorded in the field on the analog tape 
during the passage ,of one truck is presented in the sketch of the time-
variation of an analog recording shown in Fig. 3.1; critical points in the 
recording have been labeled. Consistency in the sequence of these points 
is e'ssential ·to the automatic operation of the program. 
The program monitors the timing channel (1) until the 1.0 kHz 
signal is detected at (C). Prior to this, it is required that'channel 1 
remain at or near zero for some fixed amount of time, otherwise the program 
will not proceed.' This step .insures that the tape recorder 'was up to.speed 
·after tts rest period between crossings (A) and, a·lso, prevents spurious 
starti,ng (e.g~, by noise spikes) of the acquisition routi·ne. App·lication 
of the timing .signal at {C) occurs after the application.of cal ibration 
signals toall data channels (3 to14),at (8).: ·After a short .time delay 
(0.2.seconds typically) to permit decay of any switching transients, the 
s ys tem s amp 1 e!:j and, stores j, n memory sixteen sequent i a 1 ,va lues f rom. each. 
data channel. The average of these values is the cal ibratJon ampLitUde. 
Following this computation,channe·L3 is, monitored until a drop in 
ampl itude indicates that the calibration has heen terminated. After 
another delay .for trans ient suppress ion and to insure that a·ll cal ibrations 
are off, another sixteen values from each data .channel are. obtained. The 
average of these values is the cal ibration zero level and is al~o used as 
the initial level for. each channel (base or zero signal leve]). 
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The individual cal ibration and zero values, the average values 
for each channel, and certain identifying and descriptive data are written 
as the first record or "Header
" 
block of data on the digital tape for that 
specific crossing. The Header identification specifically includes a run 
number which serves as a unique identifier-of the data to follow. 
Following the writing of the Header b.10ck, the program 
continuously samples channel 2 and waits for a positive·photocell voltage 
which indicates the entry of a vehicle (E). The system then samples 
channels 2 to 14 periodical1y~ digitizes and debiases each measurement, 
and writes the data on digital magnetic tape in sets of values (data frames) 
which include one value for each channel sampled. A record block contains 
sixty samples for each channel. These groups of data samples are sepafated 
..1. 
0.001 sec in time"; however, for the purpose" of this study, only every third 
data frame was written on tape, so the effective data interval· is 0.003sec~ 
The data sampl ing continues for a preset I'time-to-go 'l of 3 .. 0 sec 
measured from the most recent positive photocell excursion. This sample 
time was adequate to include vehicle exit from the bridge and some free 
vibration response. The photocell data is used for start control and is 
also digitized and retained on magnetic tape for later computation of 
vehicle velocity. After the" Iltime-to-go ll has been used and if the 1.0 kHz 
timing signal is still "onll, the system will wait for a second vehicle to 
enter the bridge. The program will revert to its starting conditions if 
the timing signal drops to zero. During the Ilwait" mode, entry of another 
vehicle restarts the digitizing"and storage rout.ine.without writing a new 
header block of calibration and identification data. 
* The basic was set by an internal timing device; subsequently the 
system was modified to provide for external timing control. "If desired 
the sampl ing rate could be reduced, but the value used insures that higher 
(structurally) frequency phenomena can be reproduced. 
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The end product .is a digital magnetic tape with. groups .of ' 
record blocks cons is t ing of one heade r fo 11 owed by the da ta. The heade r 
record block* contains the calibration step and zero values for each 
channel, and the data record blocks contain the unsealed digital values. 
for all data channels and the photocell channel. The digital tape 
generated~y th~ Spiras 65 in the above computer operations is compatible 
with the IBM )60 system at the Digital Computer Laboratory of the University 
of III inois at Urbana-Champaign, and all subsequent data processing, 
storage, and analysis i~ done on the IBM 360. 
This raw digital data must be cal ibrated, the zero level checked, 
sorted, catalogued, and stored in disk files or on magnetic tape before .it 
can "be analyzed. Two systems of software have been developed to perform 
these functions, but only the most recent of the two (called TAPESTORE) 
will be described. The TAPESTORE program searches the raw, digital data on 
'magnetic ,tape (i.e~, that was written by the Spir~s 65) for a specified 
header record block which it then reads followed by the corresponding .data 
record blocks. Cal ibrationfactors for each channel are calculated us ing 
the calibration step and zero values from the, header and other input 
information, gage factors, gage resistances, etc., supplied by the user. 
Each data ordinate is scaled using' the calibration :factori t6 the appropriate 
engineering units, i.e." strain or deflection, and the bias in the base 1 ine 
of each trace is adjusted so that they all start at zero. The speed of the 
truck is calculated from the output of the photocell, and the 'time abscissa 
is scaled to yield a nondi~nsional set of position coordinates in which the 
time for a single axle to 2ross the length of the bri~ge represents unity. 
oR... 
on The .block length'used is 780, 16 binary bit, words, the same 'as 
the record blocks containing the response data. 
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Each time-history is catalogued with an identifying number and finally 
the sets of scaled ordinates and abscissas are 'stored either in a random 
access disk file or in a sequential file on magnetic'tape. The set of 
abscissa values for each time-history for anyone run are identical, so 
they are only stored 6nce. This process is 'repeated f6r each truck run 
on the raw digital data magnetic' tape from the' initial A-D,conversion. 
The softwa~e for controll ing the digitization proce~s and for 
loading the raw digital data to storage files ihrive on the consistency of 
the logical sequence of the recorded signals •. There are abnormal ities 
which the software cannot readily be programmed to handle. The most common 
difficulties are rioise spikes on the control data chann~ls, tars causing 
unwanted excursions on the photocell channel, malfunctions of recording 
equipment causing erroneous calibration steps, and trucks that were going 
too fast for the timing sequence. As a result, it'was neces~sary to monitor 
and edit the raw digital data to check for the occurrehce of ~uch events 
and t~ke steps to anticipate and ~void their effect on the ~oftware logic. 
This editing step was quite time-consuming, but as the system beconiesmore 
refined, it should become unnecessary. 
3.2 Bas ic Data Processing Capabilities 
A system of computer software ha~ been developed to ~ake the 
manipulations and computations needed for studyi~g the strain-histories 
of bridge response and the truck data. T~e basic structure of the system 
of sof twa re was deve loped by E. S. Pe rry; J. A. Ruh 1 was respons ib 1 e ,for 
modifications to the basic syste~ to extend its capabil ities and provide 
for problems particularly related to the digital data tapes produced by 
the Spiras 65., This software is the main:tool for data analysis in the 
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investigation, and. summary descriptions of its functions are given below. 
The options available in the system are used in two situations: 
(1) for processing primarily individual time-histories, and (2) for 
processing a sequence of time-histories to accumulate data-for example, 
on strain range - to determine a histogram. The latter function is basic 
to the usual definition of Ifstress history". 
The options primarily for processing individual time-histories are: 
(1 ) Curve Smooth i n9. The t i me-h is tor i es may conta in high frequency 
noise which is desirable to remove before further analysis or 
study of the data. This is done by either of two .curve smoothing 
subroutines; one passes a first order curve through three successive 
data points and the other passes a third order curve through five 
successive data points. It was fqund that five smoothings can be 
made without a significant change in the measured maximum response 
or appare,ntly removing any dynamic components. of the br)dge 
response t ime-h istory. 
(2) Spike Check. This is used for processing. traces. which contain 
noise spikes; these are inor,dinately large changes in amplitude 
between adjacent points. Such spikes are easy to detect but 
difficult to remove by curve smoothing. A subroutine is available 
which detects their presence and, if found, flags the time-history 
for rejection if desired. 
(3) Output. Three forms of output of the time-histories are available 
including: 1) a printed table of the data ordinates and abscissas, 
2) the same information punched on computer cards, and 3) a 
computer generated plot of the data appropriately scaled and 
labeled. 
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(4) Extreme Values and Range of Response. A subroutine searches 
the vector of amp1 itud~ points representing the time-history 
for the largest positive and 1,argest negative values; the 
difference in these values defines the total strain range. 
(5) Partial Strain Ranges. A subroutine is available to analyze 
the time-history for the amplitude of partial strain ranges. 
This terminalag~ is defined and the process is deScribed in 
~etail in section 4.2.7. 
(6) Dynamic Increments. For tests made with the FHWA test vehicle, 
the dynamic increment time-history curves for strain or deflection 
for a particular speed run canbec~lculat~d by subtracting the 
appropriate crawl-history from the dynamic-history. The problems 
associated with ~electing compatible 'dynamic and crawl curves 
are discussed in section 4.2.1. 
(7) Fourier Series Analysis. A subroutine is included that determines 
the coeff ic ients of a Four ier series representat ian. of the t ime-
history; the results are presented in the +otm ,of ' a spectra of 
coefficients versus frequency. 
In addition to the above analyses which are made on the individual 
time-histories, programs have been developed for studies that are to be 
made an groups of time-histories and, as needed, the corresponding truck 
data. Curve smoothing and spike checking can be performed on each time-
history included in a group to be studied. The primary types of processing 
available for groups of data are: 
(1) Neutral Axis Location. The position of the neutral axis is 
calculated as a function of time for stringer locations where 
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time-his"tories·for both top and bottom,flange strai'ns are 
ava i 1 ab 1 e. 
(2) Transverse Distribution of Strain. For a given 'truck"'r-un) 
this program studies the bottom flange strain-histori~s for all 
beams at a given section of a bridge.' It determines the total 
maximum bridge strain as the sum of the maximum strains for e'ach 
beam and the percent of this total strain carried by each beam. 
(3) Total and Partial Strain Ranges. The same routine that determines 
the total and partial strain ranges for an individual time-history 
will also perform the same function for a series of time-histories 
and accumulate a count of strain events in specified amp 1 itude 
intervals. 
(4) Linear Regression Analysis. A subroutine is available to perform 
linear regression analyses to relate maximum positive strain or 
strain range to a specified vehicle parameter for a selected 
group of test runs. Gros5 vehicle weight) length) speed) and 
axle spacing 52 can be considered as independent variables. 
(5) Multiple Regression Analysts. There is a subroutine provided to 
perform a 1 inear multiple regression analysis to determine the 
plane of best fit for two independent variables and a dependent 
variable; gross,vehicle weight and spacing 52 are used as the 
independent variables and strain range is taken as the dependent 
variable. 
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To complement the above system' of software, additional individual programs 
have been written to perform such statistical functions as counting for 
histograms, calculating relative frequencies and densities~ and plotting 
such data. 
No attempt will be made to provide further documentation here; 
such is available in the records and reports (6) of the investigation. 
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4. BEHAVIOR OF THE TEST BRIDGES 
Statistical studies of the experimental data are presented 
in Chapters 5, 6, and 7; these studies are concerned with the 
presentations and interpretation of a large set of strain and deflection 
time-histories which comprise the "raw" data on br'idge response. The 
general nature of the time-histories of response for the.bridgetypes 
testediS-.well known from previous analytical and ~~perimental studies; 
however, it is appropriate to study the time~histories for these test 
bridges individual ly for several reasons. FJrst, they form the basis 
for the statistical studies and must be understood individually'in order 
to put these resultsinto,perspective o Second, they illustrate certain 
characteristics of bridge behavior and ,quantify other known.behavi,ora,l 
characteristics. Third, they can provide a basis for comparison with 
theoretical resu1ts. 
Both,the static and dynamic behavior of the test'bridges are 
analyzed; the static response is treated in section 40'1 and the dynamic 
response in section 402. A brief discus~ion of' the theoretical crawl 
time-histories is given in section 4.1.1 to form a basis for canparison. 
The general behavior of the Salt For~ River and Shaffer Creek ~est bridges 
is described in sections 4.1.2 and 4.1.3 using experimental time-histories 
of strain and deflection as a basis for discussion. Lateral distributions 
of response, effects of a second vehicle, and partial composite action 
are discussed in sections 4.1.4 and 401.5. 
Typical dynamic response time-histories are discussed in section 
4.201. Measured natural frequencies and damping values for the test 
bridges are reported in section 4.2.2. Time-histories describing the 
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dynamic response of the Salt Fork River and Shaffer Creek bridges are 
presented and evaluated in sections 402.3 and 4.2.4. Dynamic neutral 
axis studies, correlations of maximum strains and deflections, and 
part ial strain ranges are discussed in the remaining sections. Finally, 
the results presented in this chapter are summarized in section 4.3. 
4. 1 Stat i c Behavi or 
The static behavior of the 'Salt Fork River and 'Shaffer Creek 
bridges was tested using the FHWA test vehicle in Series 1 and 2~ 
Time-histori~s of strain and deflectfon wer~ record~d'wJth this truck 
traveling at about 1 mph; at this speed the brid~e response is 
essent ia lly stat ic. These tests are referred to as the crawl 'tests 
and the resulting time-histories referred to as craw] curves . 
.....••. - .. _ .................... -. .. .. --_ .. _ ..... ~.-.-.-.. - ..... - ... -.--...... - ............ - - ... --.... ~ .. __ ._ .... __ ... _ .......... . 
4.1.1 Typical Crawl Curves_ o Experimental data is available 
to illustrate the characteristics of the crawl curves for strain or 
deflectiono However, it is useful to introduce this section with a 
discussion of the synthesis of the crawl curves from the familiar 
influence lines representing the effects of the individual axles. 
This will illustrate some basic characteristics that influence 
the statistical studies presented in later chapters. In these 
examples, only the characteristic shape of the time-histories, not 
the amplitudes, are of concern. 
As illustrated in Fig. 4.1, a crawl curve for deflection 
at midspan of a two-span bridge loaded by a three-axle truck, curve d, 
can be formed by superimposing the deflection influence lines for the 
individual axles, curves a, b, and c. The ordinates for these influence 
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I ines were obtained from astatic solution of a grid model of Shaffer 
Creek Bridge loaded by a pattern of nodal forces that approximated the 
FHWA test vehicle. The abscissa for the influence lines is a position 
coordinate which is zero when the drive axle enters the bridge and unity 
when it leaves the bridge, thus the spacing between axles is nondimen-
sionalized 'by the total bridge length, 2L.The s,hapes of the individual 
axle influence lines for beams near the path of the wheel loadi as 
determined from the gri~ sol~tion are similar to the shape of an influence 
] ine for deflection at the center ~f one span of a two-span continuous 
beam. The application of the superposition principle for moment at 
midspan of beam 3 for' the 'Shaffer Creek Bridge is shown in Fig. 4.2; 
·these influence lines are also calculated from the static grid model 
1,oaded by nodal forces representing the FHWA test vehicle. The peak 
strains in the crawl curve for moment (curve d) ~re readi ly identified 
with the maximum ordinates in the individual axle influence lines. Note 
that the ratio of axle 'spacing S2 to span length has a significant influence 
on the shape of the crawl moment (or strain) and deflection histories. 
Bottom. flange beam strain measured in the field is proportional to moment 
for a linearly elastic system; consequently, the shape of the experimental 
strain-histories will be similar to these theoretical moment-histories. 
Typical experimental crawl curves for the FHWA vehicle recorded 
at the Salt Fork River and t.he Shaffer Creek bridges are shown in Figs. 
4.3 and 4.4. A crawl curve for bottom flange strain on beam 5 at the 
0.42 point of the west span of Salt Fork River Bridge is shown in Fig,. 
4.3a. The. shape of the curve, is similar to the shape of ,an influence 
line,for moment .atthe same section, of a simple three-spain continuous beam. 
32 
The point of entry of the drive axle appears as a cusp, a~d the entry:of 
the trailer axle is not as evident. There is a small residual negative 
strain after the truck leaves the bridge. The F'HWA veh,jcle is short 
relative to the span lengths; therefore, it' is hard to detect the,effects 
of the individual axles. 
A typical crawl ,curve for deflection at the same location is 
shown in Fig. 4.3b. Since the influence 1 ine for strain (or moment) at 
the same point is smooth and'does not show the separate effects df the 
axles; it follows from the relationship between moments and def'lections 
that the deflection crawl curve wi 11 also be smooth. ' -The shape of the 
curve is similar to a deflection influen~e line for a'three-spanconiinuous 
beam; however, as was seen for the crawl strain curve, there is a negative' 
residual. If the bridge were perfectly elastic, the influence 1 ine-~ould 
be pas i t i ve when the truck is in the eas t span at about S = 0.8; "however, 
the influence line is negative at this point, and there :is a residual 
upwa~d deflettion of about 0.04 in. This behavio~'is atrr~buted to loss 
of composite action, that is, sl ipping between the beams and,the slab, 
and is discussed in detail in section 4.1.5. 
A meas ured crawl curve for' bottom flange, 5 tra i h -i h beam 3 of the 
Shaffer Creek Bridge is shown in Fig. 4.4a; in this case the FHWA test 
vehicle is centered over beam 3. The 'span lengths for this bridge are 
short relative to the truck length, and consequently' the: ind'ividui:11 
effects of the axle~ are quite evident. The entry of the d~ive and trailer 
axles is readily detected, arid the peaks corresponding' to each' axle occur 
separ~tely. The span leh~ths fOr the Shaffer Creek Bridge are 43.0 'ft. 
and the distance between the heavy axles on'the FHWA 'test truck is '20.4 ft., 
so when one heavy axle is at midspan, the other heavy axle is near a 
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support .. and does not cause :large moments ,at midspan. 
A crawl.curve for deflection at midspan of the Shaffer Creek 
Bridge is shown in Fig. 404b; the deflection is for beam 4with the FHWA 
test truck in lane 3. The entry of the drive axle is quite e~ident but 
that of the tra i .1 er ax] e i,s, not ,~ead i ly detected. The genera 1 shape of 
the cwrve is similar to an influence. 1 ine for deflection for a two-span 
c,ont i nuous· beam .. Even though the separate effects of the axles are 
evident in the crawl strain for this bridge, the crawl def~ect.inn ~oes 
not reflect these individual effects a~ clear1y. 
4.1.2 Static Response of Salt Fork River Bridge. Crawl curves 
. \' .' 
for strain and deflection are shown in Figs. 4.5 through 4.9 to illustrate 
the static beha~ior of the Salt Fork River Bridge; all of these curves 
are for the FHWA test vehicle onder a full load of 75.7 kips. The maximum 
strains and deflections from all crawl tests and for all gages are 
c, 
tabulated in Table 4.1; these values will be referred to throughout 
this discussion. 
Crawl curves are shown in Fig. 4.5 for bottom flange strain 
for all five beams at section A with the FHWA test truck in the regular 
, . ' 
eastbound traffic lane (lane 3). Beams 3 and 4 show the effects of the' 
individual axles most clearly, but the highest strains are in beam 5. 
In lane 3 the wheel loads straddle beam 4. The maximum positive strain 
."-. 
is 116 ~in./in. and the maximum negative strain is 45 ~in./in., or the 
total strain range is 161 ~in~/in~ (about 4800 psi). 
. . 
Crawl curves for deflections, bottom flange strains, and top 
flange strains for all beamsa,t section Bare presented in Figs. 4.6, 
4.7,and.4.8; these,curves are for theFHWA test vehicle traveling in 
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lane 2 (a symmetric loading case with the wheel 'loads centered over beam 3)., 
For the deflection§ and bottom f~ange strains the maximum values occur in 
beam 3; these maximums are 0.33 in. and 109 ~in.'/in., respectively. As 
expected, the shapes of the irifluence 1 ines for deflections and bottom 
flan~e strains are similar to influence lines for a continuoui three-span 
beam. The individual effects of the axles are not detected in th~ crawl 
deflections, but they are evident on beams 3 and 4 in the bottom flan~e 
crawl strains. 
For fully noncompbsit~ behavior, i.e~ if there is no shear 
transfer between the top flange of the beams and the slab, the maximum 
top and bottom flange strains would be of the same magnitude but of 
opposite sign. The top flange strains are shown in Fig. 4.8, ,and it is 
evident that the maximum values and variations with time in general do not 
closely resemble the bottom flange strains (in Fig. 4.11). From this it 
may be inferred that composite action has deve10ped even though there are 
no shear connectors between the slab and the beams. This topic is 
discussed in more detail in section 4.1.5. 
Crawl curves for bottom'flange strain on beams 3, 4, and 5 at 
a cover plate cutoff point (section D) are shown in Fig. 4.9; for these 
curves the FHWA test truck is in lane 2. The strain remains negative 
when the truck is in the first or second span except for the brief time 
when the drive axle is between the pier ~nd the COver plate cutoff point. 
The largest strains occur in beam 3 with a maximum tension of 25 ~in./in. 
and a maximum compression of 99 ~in./in. 
4.1.3 Static Response of Shaffer Creek Bridge. The maximum 
s t r a ina n d de f 1 e c t ion 0 rd i na t e s for all gage s a n'd for a 11 c raw 1 t est s 
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at the Shaffer Creek Bridge in 1968 are summar-ized in Table '4.2. Crawl 
histories of strain and deflection are presented "in Figs. 4.10 through 
4.13. These curves are for gages located at the center of the west ~pan. 
Bottom flange crawl strains for lane are presented in Fig. 4.10; 
in thls lane the wheel loads are centered over beam 3. The load is carried 
more uniformly by the five beams than for the corresponding symmetric-
loading case at the Salt Fork River Bridge; t~is 'is caused by a difference 
in the relative stiffness of the beams to the slab. -,The relative stiffness 
has been expressed by the ratio H = (Eblb)/(aEsls),'where a is the'span 
length, subscripts band s refer to the beams and slab,and E and I are 
the modulus of elasticity and moment of inertia, respectively (8). The 
val tieS of H are about 2 and 4 for the Shaffer Creek and- the Sal t Fork 
River, bri.dges,respectively. Theoretical studies have shown that in 
bridges with smaller values of H the load is d'istributed more uniformly 
to the beams than in bridges with larger values of H (8). The individual 
ef~ects'of the heavy-axles are obvious in the three beams adjacent to the 
wheel loads. The maximum strain of 81, ~in./in. occurs in beam 3, over 
which the load is centered. 
The bottom flange crawl strains for all beams are shown in 
Fig. 4.11; these curves are for the regular traffic lane (lane 2). In 
lane 2 the wheel loads are centered with respect to aline one foot north 
of beam 4. Beams 3, 4, and 5 show the individual effects of the heavy 
axles, and beams 4 and 5 carry a major portion of the load. Corresponding 
crawl deflections for all beams for lane 2 are presented in Fig. 4.12. 
These curves do not reflect the individual effects of the ~xles. The 
maximum deflection is in beam 5 with a magnitude of 0.30 in. The residual, 
upwa rd def 1 ect ions i nd i cate the pas s ib iJ i ty of part i al composi te act i:on. 
, The bottom flange crawl strains for lane 3 are shown in Fig. 
4.13. With the truck i'n this 'lane, one set of 'wheel·' loads is directly 
above beam S. and the other set is on' the adjacent four beam port ion of 
the bridge; thus the five beam portion carries only one-half of the 
vehicle weight. The maximum strain of ·129 lJzin./in. occurs i"n beam 5 
and is approximately 'equal to the maximum strain~(in beam 3) when the 
truck was in'lane 2. Thus, although only half the vehicle weight is on 
the bridge,when the load' is placed directly over the edge beam it produces 
,about the same max imum stra in as when theent i re weight of the truck is 
carried on, the b,rid.ge in lane 2.: With ·the truck in'lane"3) beam 2 shows 
very small strains, and; beam 1 shows a smal1neg"ativestrain whenthe" 
load is in the f irst, span~ Beam 5 clearly shows the, individual effects 
of each axle, as expected, since the load is ~irectly oVer this b~am. 
Second Vehicle. The transverse distribution of maximum strains and 
deflections to the beams is an important characteristic of the behavior 
of the test bridges. Important too is a means for estimating the effect 
of a second vehicle on the maximum bridge response. The transverse 
distribution of maximum crawl strains and deflections at sections A and 
B of the Salt Fork River Bridge and section A of the Shaffer Creek Bridge 
are shown in Figs. 4.14 and 4.15. The distributions are presented 
graphically as plots of maximum strain or deflections versus the transverse 
location of the beam in the bridge; the data points are for the beams, 
and the straight lines connecting these points are drawn to emphasize 
..... 
trends and do not represent intermediate slab strains and/or deflections. 
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The travel lanes considered are show~ at the top of each figure. 
From Fig. 4.14, it 1s seen for the Salt Fork River Btidge that 
the strains and deflections at both sections A and B are distributed" 
almost symmetrically for lane 2 loadings; however, beams 4 and 5 
consistently have s1 ightly higher values of bottom flange strains and 
deflections than beams 2 and 1. With the exception of the top flange 
strains at section B, beam 3 consistently shows the largest"amp1 i~udes 
of strain'" and deflection for lane 2 loadings. The wheel loads straddle" 
beam 4 when the truck is in lane 3 9 and in genera1 beam 4 shows the 
largest values ·of strain and deflection." Simi1arly, ;when the truck is 
in lane 1, beam 2 shows the maximum value of bottom flange strain 
(section B). The values of bottom flange strain at "sect"ion B for lanes 
1 and 3 again show that beams 4· and 5 have·s1 ightly higher values of 
strain than beams 2 and L If the bridge stiffness" were perfectly 
"symmetric, then the strains in beams land 2 for lane 1 should be the 
same as the strains in beams 5 and 4 for lane 3; however, the data shows 
that there is alack of symmetry. 
Increased strains wilT result if there" is more "than one vehicle 
on'the bridge, provided the vehicles are appropriately placed. One'~Oth 
possibility occurs when two vehicles cross the bridge side-by-side w:ith 
one in the normal traffic lane; data is available from the field to 
estimate maximum strains in this instance. The maximum bottom flange 
strains at section B can be estimated by summing the lane J anq lane 3 
maximum bottom flange strai~s for each beam, and the results of this 
addition are shown by the dashed 1 ine for bottom flange strain at section 
B at the bottom of Fig. 4.14. The maximum bottom flange strain is 190 
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!-Lin./in. in beam 4 which is -an increase of 60 !-Lin./ln. above the sfngle 
vehicle maximum strain of 130 !-Lin./in. Thus, the increase- in maximum 
strain by placing a second vehicle on the bridge is on the order of 46 
percent, i .8. the maximum strain cannot double. ,The. combined loading, 
lanes 1 and 3, is symmetric, but again a lack of symmetry in response is 
seen, and the difference in strains between beams 1 and 2 and beams 5 
and 4 is particularly evident. 
The crawl strain-histories can be u~ed to check statics. 
The app 1 i ed moment can be ,ca) cuT ated from the known ax] e J oads and 
spacings and compared to the tota'l resisting moment calculated.from 
the peak s tra ins ina 11 beams at a given sect'j on. 
It can be observed from Table 4.1 that the sum of the bottom 
flange strains at a given section· is nearly constant rega'rdless of the 
vehicle ~ran~verse position •. For .example, at section B the sum of the 
five maximum bottom flange beam strains are 374, 375, ,and 382 !-Lin./in. 
for lanes 1,2, and 3~ respectively. The average total strain for the 
three lanes is 377 !-Lino/in., and the difference· in these sums is only 
about 2 percent. Ihis result is not surprising since the sum of the 
bottom f 1 ange·s t rai ns ; can be re 1 a ted to the tota 1 . stat i c mome nt at that· 
section,! The total strain, in turn, can be converted to an~ "experimentally 
measured moment" by assuming a degree of composite action, usually either 
zero or fu 11, an'd making use of beam theory. For sect ion B oft he Sa 1 t .. ' 
Fork River'Bridge, the conversion 'of-the total" strains to moments yiefds 
values of 6570 in.-kips and 8950 in.~kips·for assumptions of ze'r'o and 
100 percent composite actlon,re~pectively. 
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The total static moment from beam theory is 9680 in.-kips •. Thus the 
measured beam strains do not account for all of the static moment. 
However, the bending moment carried by the slab has not been included 
in the experimental va·lues. 'Theoretical studies have shown that the sl'ab 
. can carry up to 10 percent of the total moment in bending (9) .. A slab 
contribution on the order of 10 percent would be reasonable for.this data. 
Transverse distributions of maximum deflections and bottom 
flange strains at section A for the FHWA test vehicle crawl- runs at the 
Shaffer Creek Bridge are presented in Fig. 4.15. Deflections are 
distributed nearly symmetrically about beam 3 when the truck_is in lane 1 
~ith the exception that·beam 1 has a lower deflection than beam 5. This 
ls caused by the contribution of the curb over beam 1 which. increases the 
composite moment of inertia. The maximum deflection is ;0.18 in., and 
Qccurs at beam 3 .. With the truck in lane 2 thecdeflections are distributed 
almost 1 inearly from a minimum at beam 1 to a maximum of O.JO iq. at Ream 5. 
With the truck positioned in-lane 3, the deflections vary nonlinearly from 
a minimum at beam 1 to a maximum of 0.26 in. at beam 5. 
The bottom f1ange strains for lane 1 are distributed in a similar 
manne r as def 1 ec t ions for 1 ane 1 with the ,except i on of beam 1 wh i ch has the 
lowest deflection but the second highest strain. This is expected because 
the s t ; f fer he am w ill at t r act add i t i 0 na 1 mome n t • Th e rna x i mum s t raj n for 
the lane 1. loading condition is 81 f-Lin./in •. in beam 3. The bottom flange 
strai ns for lanes 2 and 3 are also d istr ibuted in a manner s imil ar to the 
corresponding deflections~ The maximum strain ordinates, which occur in 
beam 5, are 132 and 129 ~in./in., respectively, for lanes 2_and 3. 
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A maximum loading condition for Shaffer Creek can be approximated 
by placing two vehicles on the bridge, one in the r~gulai traffic lane 
over beam 4 and the other on the shoulder of the 'road (for example, 'parked) 
over beam 2. The maximum strain~"for this combined loa~ing ~onditionc~n 
be estimated from the lane 2 results by summing' the maximum strains i'n the 
symmetric pairs of beams. ' The maximum strains in beams 4 and Sdo not 
increase significantly; the strains in beams 1 and 2 have large increases, 
and the strain in beam 3 doubles. But the" maxfmum 'strain of about 1S"0 
~in./in. would then be in be~m S; this 1s an increase: of'only14 percent 
above the "single vehicle loading case. 
~As in the Salt Fork River Br'jdge data, the sum of the maximum 
b6ftom 'flange st'rains for all beams at a given secti6n is nearly constant 
!:eg~"r91'es s of" the. v¢_hi <::)e t ra r-l,sve r,~,e,"pqsJ tiglJ~, ___ ' Ihi s gb_vj(),!-I!?_ly,~pI21i~? ___ " 
bril'y t:o' lanes" 1 and 2' for'which the entire truck is'on the bridge. The 
sum of -the max:' mum "bottom flange' s t ra ins are' 334 and 349 "~i n.ii n'. , 
respectively," for lanes 1 and 2; ,the difference in these, sums is only 
4.4 percent. The conversion of total strains to moments yields values, 
of 2490 in.-kips and 3'680 in.-kip's for zero and 100 percent compos ite 
actiOn., respectively. The total static "moment from beam theory' is 3840 
in. - kips. As before, the beam s t ra j ns do not accounf for -all of the"" 
moment even if full compos iteaction is assumed; if 10 p"ercent"of the 
moment is assumed 'to be carr iedby bending i'n :the slab, the 100 "percent 
composite action results are'about'S' pe:rcenfhtgh'and the 0 percent 
composite' action "results are a:bout 30 percent .low. Some internlediiate" 
degree of composite action would be reas6nable. 
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In summary, the strains and deflections are distributed more 
uniformly in the Shaffer Creek Bridge than in the Salt Fork River Bridge, 
a result which is consistent with their relative H values. For both 
bridges the sum of the maximum bottom flange strains is nearly'constant 
at a given section regardless of the vehicle transverse pos ition, and 
for both bridges the value of the maximum strain is increased by less 
than 50 percent by placing a second vehicle adjacent to the first on the 
bridge. Of course, additional vehicles placed on the bridge in various 
longitudinal locations may weI 1 serve to reduce the maximum. strains at 
midspan, particularly in the two-span Shaffer Creek Bridge. 
4.1i5 Partial Composite Action and Residual Strains. None of 
the test bridges were designed for compos ite action, i.e. with shear 
con-nectofs';buf thete-s faatasLigg-esfs-fh-af-fhe~TaT r be-ha\/'ewTth a 
sign'ificant amount of partial composite action. That the bridges have 
some amount of composite action was predicted by comparing theoretically 
calculated strains and bridge frequencies with the experimental results; 
the experimental strains and frequencies are bracketed by the noncomposite 
and fully composite beam theory predictions. In addition, the amount of 
part iai compos ite action appears to vary as trucks cross the bridges. 
The low values of top flange strain relative to the bottom flange strain 
indicates participation of the slab with the top flange of the beams, 
and the differences in the shapes of the top and bottom flange crawl 
curves indicates that the moment of inertia is not constant. 
The position of the neutral axis in beam 4 at section B of the 
Salt Fork River Bridge is shown in the table below for several values of 
the position coordinate,~. The data is calculated from crawl curves 
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of top and bottom flange strain for the FHWA test vehicle. This data 
illustrates that the position of. the neutral axis changes as the truck 
crosses the bridge. The neutral axis is found to vary within the 
~Position 
'Coordinate 
0.7 
Location of N.A.: 
measured from bottom of beam 
30.1 (100% camp. action) 
30.0 
28.0 
24.2 
18.0 (0% camp. action) 
noncomposite and fully composite 1 imits. This phenomenon of ~artial 
composite action has been discussed in terms.of slip in studies by 
Newmark, Siess, and Viest (10). Similar behavior was observed in the 
dynamic runs; this is discussed in section 4.2.5. 
Crawl curves for top and bottom flange strain which illustrate 
this partial compos ite action arid slip behavior are presented in Fig. 4.16; 
these histories are for beam 3 at section A of the Salt Fork River Bridge 
with the FHWA test truck in lane 2. In the region of maximum moment the 
top flange strain is -22 ~in./in. and. the bottom flange strain is 86 
~in./in.; this locates the neutral axis 10.7 in. above the beam centroid. 
The top flange strain and the deflection do not return to zero 
after the truck leaves the bridge, and the data indicates these residuals 
are real (and not, for example, just a shift of the time-histories caused 
by a drift in the recordi,ng equipment). The changing position of the 
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neutral axis and the residuals can be accounted for by a mechanism 
involving s1 ip and frictional shear force between the beams and the slab. 
51 ip measurements have not been made, and in that respect this discussion 
is speculative; however, the data and theoretical studies referenced above 
support it. The mechanism involves a frict.ional shear force at the 
beam/slab boundary which increases with appl ied moment until a limiting 
value of frictional force is reached; at this pOint the slab slips 
relative to the beam. When the load is removed, the slab friction acts 
to restrict the beam from retu~ning to its original equil ibrium position. 
This results in residual strains and deflections with the si~n of the 
most recent maximum that exceeded the 1 imiting value of fr!ctional force. 
Top and bottom flange stra~n and deflection crawl curves are 
presented in Fig. 4.17 for beam 3; these curves are for the center of the 
center span with the FHWA test trl:lck in lane 2. Again, the partial 
composite action is evident; however, in this case there are no 
appreciable residual strains or deflections. 
In Fig. 4.18 five deflection histories at section A are presented 
to illustrate how the magnitude "ands ign of the res idual deflection depends 
on the magnitude and sign of the latest maximum deflection. In only one of 
the crawl curves is there no residual deflection, and this curve has the 
smallest maximum deflection. In all other curves there are reS idual 
deflections of the same sign as the last maximum. Thus, there appears to 
be a strong relationship between the re~fduals and the character of the 
time-histories, and ,this is convincing evidence that the res iduais are reaL 
Partial composite action and 51 ip behavior are als.o exhibited 
by the 5haffef Creek Bridge, and examples of it are given in the discussion 
of dynamic behavior. 
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4.2 D~namic 8ehavi~r 
The dynamic behavior of the Salt Fork River and Shaffer Creek 
bridges will be discussed primarily in terms of, the F~4A test vehicle 
crossings; certain additional data from regular traffic events is 
presented for comparison. The speeds of the FHWA test vehicle ranged 
from 10 to 60 mph, and the range of speeds of the regular traffic is 
about 40 to 60 mph. In most cases there was only one vehicle on the 
bridge at a time. These events are referred to as the speed runs. 
4.2.1 Characteristic Dynamic Time-Histories. A dynamic 
time-history can be visualized as the sum of a crawl component and an 
oscillatlng dynamic component. Some 'of the parameters affecting the 
crawl component have been discussed. The frequency and ampl itude of 
the dynamic component depend on many parameters of the bridge-vehicle 
system such as vehicle speed and initial conditions, vehicle and bridge 
frequencies, and bridge length. This superposition cdncept is widely 
used in analytical studies of dynamic bridge behavior; it' is feasible 
because the exact crawl component can be computed expl icitly. In 
experimenta 1 work the exact crawl component cannot be quant if ied" and 
this concept can only be used qualitatively. 
A typical time-history of deflection of the Shaffer Creek 
Bridge for a FHWA test vehicle speed run at 21 mph is s;,Q\,,,n in Fig. 4.198; 
the corresponding crawl deflection ~istory is presented in Fig. 4019bo 
The dynamic history has the same general shape as the crawl history with 
a supe r imposed dynam i c component. If the crawl curve is subt racted from 
the dynamic curve) the dynamic increment of response is obtained, as shown 
in Fig. 4019c. As has been noted, this superposition is approximate 
because the crawl curve used may not be the same as the hypothetical crawl 
component of that speed run; the requirements of linear elasticity for 
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superposition may not be met. In, this example it is obvious that the 
crawl curve is not the same as the hypothetical crawl component of the 
speed curve because the restduals are different. This causes a shift 
in the dynamic increment curve, but does not affect the frequency content. 
Dynamic oscillations are small until the heavy drive axle enters the 
bridge 'at s= 0, and the first major dynamic oscillation after entrance 
of this axle is negative. This agrees with theoretical predictions. 
The fundamental frequency of the bridge is most evident after S = 0.7 
when the truck is not in the same span as the deflection gage. During 
the interval S = 0 to s= 0.7 there is a second longer period frequency 
superimposed on the n~tural bridge frequency which corresponds to the 
oscillations of the test vehicle. This component diminishes rapidly 
when the trail~r axle leaves the first span. The dynamic increm~nt 
oscillatesabout'zero up to S = 0.6 after which its mean value is about 
equal to the residual of the speed h,istory. 
The pattern, number, and amplitudes of oscillations in the 
dynamic increment curve depend on speed as well as other parameters of 
the bridge-vehicle system, and vary for each run; this example is only 
pres~nted to illustrate general characteristics. However, the general 
trends and frequency c6ntent seen in the experimental data are in agreement 
with theory. Because of the uncertainties in specifying j'nitial conditions 
for analysis, no attempt is made to demonstrate the agreement with theory. 
A Fourier series decomposition of these dynamic histories 
identifies the relative frequency content of the response. Note for this 
data, the frequencies corresponding to the hypothetical crawl component 
will vary with vehicle speed, i.e. duration of loading. Also, the 
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frequency spacing, 6f, of the resulting spectrum will increase with 
vehicle speed since the number of equally spaced data points representing 
any time-history is inversely proportional to vehicle speed. (Here, 
6f = 1/N6t where N is the number of data points and 6t is the interval 
between samples.) 
Typical bottom flange strain histories and their Fourier spectra 
are presented in Figs. 4.20 and 4.21. The strain history for the 9.9 mph 
speed run (Fig. 4.20a) contains an appreciable dynamic component for values 
of ~ less than 0.7, but little vibration for values of ~ greater than 0.7.· 
The Fourier spectrum (Fig. 4.20b) contains relatively large coefficients 
for frequencies below 1.0 Hz. which correspond to the crawl component of 
the strain history. The relative peaks in the spectrum between 2. land 
3.5 Hz, which are in the ·range of the natural frequency of the test truck, 
represent a forced component of bridge response at the frequency of the 
vehicle. The natural frequency of the bridge as measured in other runs 
is between about 5.0 and' 8.0 cps, and there are very small coefficients 
in this frequency range for this test run. 
Comparable data for a 54.0 mph (a = 0.12) speed run are presented 
in Fig. 4.21. For this high vehicle speed, only a few cycles of truck or 
bridge oscillations occur while the vehicle is on the bridge. Thus, in 
combination with the frequency spacing effect discussed above,this data 
is less suitable for analysis by Fourier decomposition and the resulting 
spectrum appears coarser. For this speed, the coefficients below about 
2.0 Hz correspond to the static component of the time history. The 
spectral peak at approximately 3.5 Hz corresponds to the frequency of 
the truck while the spectral peak at about 6.0 Hz represents the natural 
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frequency of the bridge. The value of bridge frequency would be 
expected to fall between 502 Hz for noncomposite action and 8.2 Hz 
for composite action (see Table 405). 
4.202 Natural Frequencies and Damping. The fundamental 
natural frequency and percent of critical damping for the test bridges 
can be determined from the free vibration portion of selected histories; 
these experimental values are given in Table 403. Also given are 
theoretical frequencies calculated using beam theory; this is equivalent 
to assuming that the entire bridge cross section deflects as a unit. 
The computed frequencies are given for assumptions of both zero and 100 
percent composite action. The measured natural frequency for each test 
bridge is bracketed by the beam theory values, but in general is closer 
to the composite value. However, when the vehicle is on the bridge, 
frequencies may be closer to the noncomposite value due to a breakdown 
of composite action. Examples of this will be given in section 4.2.5. 
Assuming viscous damping, the logarithmic decrement is used 
to calculate the percent of critical damping. The results of this 
determination are shown in Table 4.3 and range between 0.8 and 1.6 
percent. These values are within the range re~orted previously (5, 11). 
4,2.3 Dynamic Response of Salt Fork River Bridge. In this 
section the dynamic behavior of the Salt Fork River Bridge under the 
FHWA test vehicle loadings is evaluated. Bottom -flal1ge strain and 
deflect·iol1 histories are presented in Figs. 4.22 through 4.31; all are 
for eastbound speed runs in lane 2, the symmetric loading condition 
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with the vehicle centered over beam 3. 
Deflection histories for each beam at section B are presented 
in Fig. 4.22 for a vehicle speed of 21 mph (~ =' 0.05). The beams deflect 
symmetrical ly with beam 3 having the largest maximum deflection; all beams 
vibrate in phase for the duration of the time-histories. The corresponding 
crawl deflections are shown in Fig. 4.6; comparison of the curves shows 
that the overall shape of the dynamic curves is simi lar to that of the 
crawl curves, and the transverse distribution of deflection is similar 
in both cases. The deflection histories for a 39 mph (~ = 0.10) crossing 
(Fig. 4.23) also have maxima distributed symmetrically, with the largest 
value in beam 3. Eric.h hedm hds the same Dattern of vibration. but thev --~ .. ---'" -.-- _ .. ---.- r---- -. - . --- ---. ---., ---- --. I 
do not appear to be in phase; this shift is a cons_equence of the data 
reduction process. The deflection histories for a 60 mph (a = 0.15) 
crossing are shown in Fig. 4.24, and again the deflections are symmetric, 
the maximum is in beam 3, and the beams vibrate in phase. 
Deflection histories for beam 3 are presented in Fig. 4.25 for 
fiv~ speed runs. Although the relationship between the amplitude of the 
dynamic increment curve and the crawl component is not apparent in the 
total response histories, at certain speeds the total response is at a 
relative maximum. From theory it has been shown that this maximum results 
from the combination of a relative peak,in the dynamic increment curve and 
the peak in the static or crawl component. The effect of speed on total 
response is discussed in more detail in Chapter VI. 
Bottom flange strain histories corresponding to three of the 
above deflection histories are presented in Figs. 4.26 through 4.28. 
The crawl curves corresponding to these :strain histories are shown in 
Fig. 4.7. 
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Maximum bottom flange strains are distributed nearly 
symmetrically for the 21 mph test run with the exception of beam 4 which 
has a larger strain than beam 2; this is true in the crawl curves as well. 
It is difficult to judge the phase relation of the beams because, the crawl 
curves for each beam have a different shape, particularly in the region of 
maximum strain. The strains for the 39 mph test run are also distributed 
symmetrically with the exception of the larger strain in beam 4. In this 
case the maxfmum strain in beams 3 and 4 are ·approximatelyequal, and the 
beams vibrate fn phase. The distribution of msxima for the 60 mph run is 
the same Ss for the previous two examples, and again the beams vibrate in 
phase ;, 
Bottom flange strain histories for beam 3 at section Bare 
presented in Fig. 4.29 for five speeds from crawl to 49 mph. The previous 
comments on Figo 4.25 regarding the relationship between the ampl itude of 
the dynamic increment and the crawl component apply here as well. 
Deflection histories for beam 3, section A, are presented in 
Fig. 4030 for five speeds ranging from 21 to 60 mph; these results are 
for the FH'WA test truck travel ing eastbound in lane 2. It is seen that 
the 60 mph run produces the largest deflection; however, a positive dynamic 
increment occurs in the region of maximum deflection in each curve. Bottom 
flange strain histories for beam 3 at section B are shown in Fig. 4.31 for 
a crawl run and four speed runs in lane 2. Of this group, the 39 mph test 
run produces.the largest strain, but all curves show a positive amplitude 
of dynamic increment in the maximum region of the crawl curve. This 
combination of events is not true in general, but depends on the relation-
ship between axle spacing, bridge span lengths, and vehicle speed. 
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A typical strain-history for a transverse slab reinforcing 
bar located midway between beams 2 and 3, about 70 in. from the west end 
of the Salt Fork River Bridge, is shown in Fig.' 4.32. The history is for 
a FHWA test vehicle speed run at 40 mph in lane 2. Only that part of the 
time-history when the truck is near the reinforcing bar is shown. The 
effects of the individual axles are seen clearly, and there is no 
noticeable high frequency dynamic component. The amplitudes of each 
peak are roughly proportional to the axle loads; but the difference in 
axle widths (see Fig. 2.2) changes the transverse position of each wheel, 
-
- - --
and makes the relative magnitude of the pea-ks"dif'ferentfrom the relative 
magnitudes of the axle loads. The peak strain is about 525 ~in./in. 
(15,700 psi). 
4.2.4 Dynamic Response of Shaffer Creek Bridge.- Time-histories 
of deflection and bottom strain at section A (midspan of the west span) 
of the Shaffer Creek Bridge are presented in Figs. 4.33 through 4.38 for 
the FHWA test vehicle. In each figure the time-histories for all five 
beams for a particular speed and lane are presented. These figures are 
grouped by lane. 
Bottom flange strain histories are shown in Fig. 4.33 for a 58 
mph (~ = 0.12) run in lane 1; this is the symmetric loading case with 
the truck centered over beam 3. The maximum strain is in beam 3, and 
beams 2 through 5 vibrate in phase. The strains are distributed 
symmetrically with the exception of beam 1. The maxima in beams 2, 3, 
and 4 are nearly equa 1. In the static case beam 1 had the second highest 
strain for the lane 1 loading (Fig. 4.15), but in the dynamic case it has 
the smallest strain. Deflection histories for a 33 mph (a = 0.07) run 
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also in lane 1 are presented in Fig. 4.34. The deflections are distributed 
in a· symmetric but relatively uniform manner, with the largest response in 
beam 3. All beams vibrate in phase and, with the exception of beam 1, 
have residual deflections. 
Bottom flange str~in histories for a 32 mph run in lane 2 are 
given in Fig. 4.35. The peak strain values vary nearly linearly from a 
maximum in beam 5 to zero in beam 10 This pattern of transverse distribution 
is the same as observed in the crawl curves. Beams 3, 4, .and 5 carryover 
80 percent of the load. Beams 2 through 5 vibrate in phase, and there are 
residual strains-on-ly in-bea-m-s 4-and 5. -Cor-responding results for a 
faster speed run, 60 mph, are shown in Fig. 4.36. The transverse distribu-
tion of maximum strains is again similar to the crawl behavior and varies 
from a-maxim-urn-in-beam5--to zero -in beam--l ;-beams2-through 5- vibratei-n 
phase .. Deflection histories for a 32 mph run in lane 2 are illustrated 
in Fig. 4.37. The transverse distribution of response and phase relation 
seen in these curves are the same as the lane 2 strain results .. 
Deflection histories for a 59 mph run in lane 3 are shown in 
Fig. 4.38; for this loading case beam 5 carries a large portion of the 
load and has the maximum deflection. The deflection of beams 1 and 2 
are negligible, and beams 3 and 4 have small deflections and oscillate 
in phase with beam 5. 
Typical strain-histories for a transverse slab reinforcing 
bar are shown in Fig. 4.39. The bar is midway between beams 4 and 5 and 
about 60 in. from the west end of the bridge. These data are for a FHWA 
t~st vehicle run at 32 mph (Fig. 4.39a) and a typical heavy 35-2 tractor-
trailer combination weighing 68.9 kips and traveling at 50 mph (Fig. 4.39b). 
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The FHWA test vehicle curve clearly shov/s the individual effects of all 
three axles. The individual effects of each axle of the 3S-2 are evident 
but not as distincto 
The time-histories of beam response presented thus far have 
been for the FHWA test vehicle. It is useful to present several time-
histories re60rded for typical traffic 'vehicles crossing the Shaffer 
Creek Bridge and compare them to the FH\/J,l\ test vehicle results. The 
bottom flange strain and deflection histories for a five":"axle tractor, 
'semi-trailer combinatioh are presented in Figs. 4040 and 4041. The 
truck's GVW is 72.5 kips with the drive and trailer tandems carrying 
. 32~0 and 31~5 kips, respectively. This vehicle has characteristics 
~imilar to the typical fully loaded 3S-2 -truck described in Chapter V. 
The effects of the tractor and trailer tandems are clear}y evident for 
this truck, for their spacing (30.0 ft.) is long relative to the span. 
The maximum strains and deflectlons are comparable to.those produced by 
the FHWA test vehicle for the same speed and transverse position. Even 
though the test vehicle has a shorter spacing between the tractor and 
trailer axles and thus may be expected to produce larger strains, the 
position for maximum strain for both vehicles is with a tandem (or s~ngle 
axle for the FHWA test truck) at midspan. In this position the heavy 
trai 1er tandem (or FHWA axle) is near a support or off the bridge. On a 
bridge with span lengths gre~ter than twice the tandem axle spacing, the 
typical 3S-2 truck would produce lower strains a.nd deflections than the 
FHWA test truck, because the greater load separation would then be 
significant. The transverse distribution of strain a.nd deflection for 
the 3S-2 truck loading is similar to the test truck loading cases. 
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Beam 5 has the maximum response, and beams 3, 4, and 5 carry the major. 
portion of the load and vibrate in phase. 
During the 1968 tests at Shaffer·Creek Bridge, approximately 30 
35-2, five-axle, dump trucks crosse9 the bridge carrying full loads; these 
are short, heavy .vehicles and are of particular interest. Bottom flange 
strain histories at section A for all five beams are presented in Fig. 4.42 
for one of these trucks. This vehicle, 70.1 kips GVW, was traveling in 
the regular traffic lane at 45.7 mph. Its total length was 31.2 ft. and 
the spacing between the heavy tandem axles was 16.2 ft~, about four feet 
shorter than the FHWA test vehicle. This short spacing serves to 
conce8trate the load and cause higher strains than for a typical 35-2 
vehicle of the same GVW; this is evident by comparing Figs. 4.40 and 4.42. 
The ~ump truck produces high strains in beams 3, 4, and 5. The deflections 
for this dump truck.are shown in Fig.:4.43, and .they have about the same 
maximum value as is produced by the typical 35-2 truck in the same lane 
with the same load. 
In summary the influence of a typical 35-2 truck on the Shaffer 
Creek Bridge is about the same as the FHWAtest truck, but the short, 
heavy' -35-2 dump .trucks cause higher strains than either the .FHWA test 
vehicle or the typical 35-2 truck. 
4.2.5 Neutral Axis Studies for Dynamic Response. The position 
of the neutral axis for the crawl runs was discussed in section 4. i.5; 
in this section the variation in th~ position of the neutral axis is 
discussed for selected dynamic loading cases. As in the crawl case, the 
neutral axis location can be calculated as a function of time (or truck 
position) using the top and bOttom flange strain histories and the 
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geometry of the beam. This method ignores the influence of the dead load 
strains, but the results in the regions of high live load strain are 
useful to illustrate the dynamic behavior of the bridge. 
Top and bottom flange strain histories for beam 3 of the Shaffer 
Creek Bridge and the corresponding time-history of the location of the 
neutral axis are presented "in Fig. 4.44 for a short 3S-2 dump truck 
carrying 79.1 kips (a permit overload vehicle) at about 45 mph in the 
center of the regular traffic lane. The stra in hi stories are shown at 
the top of the figure; the solid and dashed lines represent the bottom 
and top flange strains, respectively. These curves show the top flange 
has smaller strains than the bottom flange; the top flange strain does 
not return rapidly to lower negative strain levels after the first large 
negative maximum and near the end of the history. The location of the 
neutral axis, measured from the lower surface of the bottom flange, is 
shown at the bottom of the figure. The locations of the neutral axis 
'for full and zero composite action calculated using beam theory are shown 
by the horizontal dashed lines. The neutral axis is near the full 
composite action location as the steering axle enters the bridge, but 
when the driver tandem enters the bridge the neutral axis drops sharp1y 
to a location halfway between full and zero composite action. It then 
drops slightly below the zero composite action location for each of the 
two large maximum strain peaks. Note that the lowest location of the 
neutral axis occurs a short time after the strain peak. 
Similar data for beam 4 is presented in Fig. 4.45 for the same 
truck run. The strains for beam 4 are larger than those in beam 3, but 
the variation in the location of the neutral axis is almost identical to 
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that for beam 30 Data for unloaded 3S-2 trucks weighing about 25 kips 
shows a similar pattern of variation of the neutral axis for the Shaffer 
Creek Bridge o Thus, it can be concluded that a vehicle weighing about 
25 kips or greater wi 11 cause a breakdown in composite action in the 
Shaffer Creek Bridge. Trucks weighing less than 25 kips may cause this 
breakdown in composite action; however, few trucks weighing less than 25 
kips were observed, so no conclusions are possible concerning the behavior 
of the bridge under these lighter loads. 
The variation in the position of the neutral axis for beam 2 at 
section A of the C.B. ~ Q. Bridge for a truck crossing in the regular 
traffic lane is ShryNn in Fig: 4~46. The identity of the truck cannot be 
establ ished; however, .on the basis of comparison with other time-histories, 
it is reasonable to assume a GVW of over 60 kips. Top flange strains are 
very small compared to the bottom flange strains, and even show tension 
simultaneously with tension in the bottom flange (it must be remembered 
that these are only live load strains). Hence, there is a high percentage 
of composite action even though there are no shear connectors. The 
variation in the location of the neutral axis is shown for only the high 
strain region of the time-history. Initially, the neutral axis is above 
the full composite action location, ~nd as the strain increases to a 
maximum it moves to a lower location which is between the full composite 
and zero composite action values o It rises sharply and then drops again 
for the second peak strain. 
Thus even though the C.B. & Qi Bridge does not have shear 
connectors, it behaves with a high pe.rcent of composite action, and as 
in the Shaffer {reek Bridge, the location of the neutral axis varies 
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with the longitudinal position of the truck. In both bridges, the 
neutra'l axis has its lowest location in the high strain regions of the 
time-histories. 
402.6 Correlation Between Maximum Dynamic Strain and Deflection. 
The relationship between maximum bottom flange strain and maximum deflection 
i s pres en t ed 0 n a s tat i s t i ca 1 bas i s for a give n b ea m 1 oc at i on and a 1 a r g e 
group of tra'ffic runs. The theoretical relationship is known to be linear 
for a single moving constant force, but there are certain factors that 
change this relationship, including the effect of vehicle length, the 
relative contribution of higher modes and measurement inaccuracies. 
Maximum deflection plotted versus maximum bottom flange strain 
for beam 4 at section A of Shaffer Creek Bridge is presented in Fig. 4.47 
for 540 regular traffic runs; the data shows the expected near linear 
relationship, and the correlation coefficient is 0.98. Some of the 
variation in this data is due to the effect of vehicle length. Trucks 
of different length may produce the same maximum strain at midspan but 
different distributions of strain along the length of the beam; this 
results in different deflections. Also, identical trucks with different 
transverse positions can produce a similar effect. In general, as expected, 
there is a high correlation between maximum strains and deflections, and 
e~ther quantity can be predicted accurately given the other. 
4.2.7 Total and Partial Strain Ranges .. To interpret a stress 
or strain tnne-history corresponding to a vehicle crossing in terms of its 
contribution to crack growth and fatigue failure, it has been common to 
view the entire time~history as one strain cycle with an amplitude or total 
strain range equal to the difference in the maximum and minimum strain. 
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This interpretation ignores many cycles of intermediate or partial strain 
cycles which may have an influence on the development of fatigue failures. 
A typical strain history for the Shaffer Creek Bridge is shown 
in Fig. 4.48. Viewed as a single strain cycle, this time-history has a 
total strain range, €R' of 204 ~in./jn. However, this overlooks several 
intermediate cycles of strain with appreciable ranges. The computer 
software developed on this research project (see Chapter III) made it 
possible to study the time-histories taking these partial strain ranges 
into consideration. A so-called "peak and val1ey'( subroutine searches 
the time-histories for relative maxima and minima and classifies these 
extrema with respect to the most recent maximum or minimum, thus defining 
partial strain ranges. It has an opt~on for counting reversals only,i.e. 
--Ci p-osi-tive maximum a-ss-ociatedwith a negative-minimum,-and vice versa-. 
This type of count essentially views the time-history as a single event 
as described above. 
The results of a "reversals only" analysis of the time-history" 
s h O\AIn i n Fig. 4 . 46 are pre sen ted i n Fig. 4 . 49. The f j r 5 t en t ry (A) i nth e 
table corresponds to the peak of 168 ~in./in. at ~ = 0.58 that is 
associated with a valley at zero (the start of the trace). Note peaks 
are maximum positive values. The second entry (B) is for the valley of 
-36 ~in./in. at S = 0.94 associated with the previous peak. The final 
entry (C) is for a peak at zero (the end of the trace) assoclated"with 
the previous valley. Entry (B) represents the total strain range, gR" 
The count of partial strain ranges is presented in Fig. 5.40 
for the same time-history; this analysis identifies relative maxima and 
minima, or peaks and valleys, which are labeled Pl , Vl ' etc. in the figure. 
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Each relative extremum is classified as a partial strain range with 
respect to the previous relative extreme. There are eleven recognized 
partial strain range cycles, and five of these have ranges 60 JJ.in./in. 
or greater. 
4.2.8 The Use of Curve Smoothing on Time-Histories. Many of 
the time-histories have a high frequency content (above 50 Hz) that 
corresponds to electrical noise and not a component of bridge response. 
A subroutine in the data processing system removes this high frequency 
content by a digital curve smoothing process. The Fourier series analysis 
described in section 4.2.2 can be used to insure that this smoothing 
process removes only the higher frequency content without affecting the 
components of the actual dynamic response in the recorded time-history. 
As an example, a dynamic time-history and its Fourier coefficients are 
presented in Figs. 4.51 and 4.52, respectively, for an unsmoothed curve 
and for the same curve smoothed three times. The electrical noise is 
evident in the unsmoothed curve, and it appears as"a spike at 55 Hz in 
the Fourier series coefficients. It is obvious that this noise has been 
removed by the curve smoothing process, and comparison of the Fourier 
coefficients with the unsmoothed case shows the smoothing process removes 
only the coefficients above about 20 Hz; the coefficients below about 20 Hz 
which represent the actual bridge response remain virtually unchanged. 
4.3 Summa ry" 
The significant observat"i"ons made concerning the crawl behavior 
of the Salt Fork River and Shaffer Creek bridges may be summarized as 
follows: 
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(1) The shapes of the crawl curves are simi lar to those predicted 
theoretically and are sensitive to the ratio of the axle 
spacing to the span length. 
(2) For each bridge, the magnitudes of maximum strains and 
deflections are consistent with theoretical analyses based 
on partial composite action. 
(3) For each bridge, the transverse distribution of maximum bottom 
flange strains to the beams can be estimated using the relative 
stiffness of the beams to the slab, H. A second vehicle on the 
bridge adjacent to the first increases the maximum strains by 
less than 50 percent~ 
(4) "Both bridges exhibit partial "composite action even though 
nei"ther bridge has shear connectors. The location of the 
neutral axis changes during the passage of the trucks across 
the bridge. 
The important observations concerning the dynamic behavior of 
the Salt Fork River, Shaffer Cr~ek, and C.B. & Q brfdges can be summarized 
as follows: 
(1) The measured natural bridge frequencies for each bridge are 
bracketed by the theoretical values calculated with beam theory 
assuming both zero and full composite action, but they are 
closer to the full composite action values. 
(2) The hypothetical dynamic increment was found to contain 
components having frequencies characteristic of the bridge and 
of the truck. However, the characteristic dynamic increment 
depends on the many known parameters of the bridge-vehicle 
system and its exact shape is difficult to predict. 
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(3) The dynamic response of the Salt Fork River and Shaffer Creek 
bridges is similar to their respective crawl behavior in terms 
of (a) the general shape of the time-histories and (b) the 
transverse distribution of the maximum strains and deflectionso 
The beams in both bridges vibrate in phase for the duration of 
the vehicle crossing. Theoretical predictions concerning the 
addition or subtraction of the dynamic increment and the crawl 
component were observed. 
(4) For all three bridges, top and bottom flange strains show that 
the location of the neutral axis is normally above the centroid 
of the beam section, and that it varies as the trucks cross the 
bridges reaching its lowest location at the maximum bottom 
f 1 a n g est raj n val u e s D T his i sat t rib ute d top a rt i a I com p 0 sit e 
action. 
(5) In addition to the total strain range, many time-histories 
contain several partial strain ranges with appreciable amplitude 
that may contribute to fatigue failure o 
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50 CHARACTERISTICS OF HEAVY TRUCK TRAFFIC 
5.1 General 
The heavy trucks which were part of the normal traffic that 
crossed the test bridges during Series 2, 3, and 4 are described in this 
chapter. The characteristics measured include gross vehicle and axle 
weights, total truck length and axle spacings, and the speed and transverse 
position of the trucks. Histograms are used to present the basic data; 
the mean value and the coefficient of variation (c.o.v.) are the primary 
descriptors. The statistics for the characteristics will be useful to 
define "typical" vehicles and to make comparisons between test series. 
The coefficient of varlation, a nondimensional measure of the variability 
of the data, is useful in comparing the vehicle characteristics presented 
in this chapter to the bridge response data that is presented in Chapter 7. 
For each test series the entire population of vehicles is studied. 
However, other studies are presented for a subset of vehicles consisting of 
the three-axle tractor, two axle semi-trailer combinations; these vehicles 
are of particular interest because they are the most common class of heavy 
trucks on the highways today. 
5.2 Presentation of the Data 
A standard method of designating truck axle configurations used 
in this and other investigations is illustrated in Fig. 5.1. For example, 
3S-2 denotes a truck consisting of a three-axle tractor pull ing a two-axle 
semi-trailer. Also, in this study a convention for designating axles .by 
letter is used in which the front or steering axle is axle A, the next 
axle is axle B, and so on~ Thus, the distance between axles C and 0 is, 
referred to as axle spacing C-D. 
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5.2.1 Series 2, Shaffer Creek Bridge 1968. A total of 301 
trucks crossed the Shaffer Creek Bridge in the 1968 test period (t~st 
Series 2). The frequency of occurrence of the various axle types in the 
group of trucks is presented in Fig. 5.2. Of this group 65.6 percent are 
3S-2 trucks and 14.7 percent are 2S-2 trucks; thus over 80 percent are 
t r a c to r, s em i - t r ail e r comb' ina t ion san d t he i r i n flu en c e w i 11 be see n to 
dominate the histograms of vehicle characteristics. The histograms for 
this test series include data for all vehicles, regardless of type. 
The distribution of the gross vehicle weights (GVW) is shown 
in Fig. 5.3. Study of the data for individual trucks shows that 3S-2 
trucks weigh about 25 kips empty and usually about 70 kips fully loaded. 
Consistent with this, the peaks in the GVW histograms near 25 and 70 kips 
correspond, respectively, to unloaded and fully loaded tractor, semi-
trailer trucks. The distribution shows a high percentage of these trucks 
are unloaded. The mean GVW of these trucks is 40.5 kips and the c.o.v. 
is 0.51. 
A histogram of axle weight for the axles of all trucks in the 
Series 2 group is shown in Fig. 5.4; there are a total of 1253 axles. 
The large group of axles between 14 and 16 kips corresponds primarily to 
the fully loaded 35-2 and 25-2 trucks, and the large group under 10 kips 
represents unloaded 35-2 and 2S-2 trucks and various smaller trucks. 
A histogram of the weight of axle A is presented in Fig. 5.5; most of the 
axles over 7 kips correspond to the steering axle of the 35-2 and 25-2 
trucks, and the axles below 7 kips are for the smaller vehicles. The 
average we-ights of axles B" C, 0, and E for empty 3S-2 trucks are 5.58, 
5.51, 4.23, and 4.23 kips, respectively. These values are calculated 
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from data for 16 empty 35-2 trucks. 
A histogram of the weight of axle B is given in Fig. 5.6. 
The group of axles above 14 kips consists of the first axle of the driver 
tandem of the fully loaded 35-2 trucks, the drive axle of the fully loaded 
25...:2 trucks, and the rear axle of fully'loaded two-axle trucks. There is 
a large group of axles weighing between 5 and 6 kips which correspond to 
the unloaded 35-2 trucks. 
A histogram of weight for axle C for trucks having three or more 
axles is given in Fig. 5.7; the shape of this histogram is similar to that 
of the histogram of weight for axle B due to the dominance of the 35-2 
trucks for which axles Band C have nearly equal weights. However, there 
are fewer C axles than B axles weighing between 6 and 10 kips simply 
because many trucks of intermediate weight do not have 'three axles. The 
axles weighing between 14 and 16 kips and between 5 and 6 kips again 
correspond primarily to the fully loaded and empty'35-2 trucks, 
reS p ec t i vel y. 
The histogram of weight for axle D shown in Fig. 5.8 clearly 
shows the effects of fully loaded and unloaded 35-2 trucks. The highest 
percentage of unloaded axles is between 4 and 5 kips which agrees with the 
data on unloaded axle weight. The histogram of the weight of axle E is 
nearly identical to that of axle D. 
A histogram of vehicle length as measured from the first to the, 
last axle is shown in Fig. 5.9. The common 35-2 truck is typically between 
42 and 50 ft. long; the 25-2 trucks are normally about 40 ft. long, and 
the trucks between 26 and 32 ft. in this group are mostly short 35-2 dump 
trucks. Because of a nearby construction projec;t, there was an unusually 
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high frequency of occurrence of these 35-2 dump trucks as is evident 
from comparison with the Shaffer Creek Bridge 1969 data. These short, 
heavy vehicles affect the relationship between CVW and length; this topic 
is discussed in more detail in Chapter 6. The group of trucks between 10 
and 18 ft. correspond to 2D type trucks, tractors only, and other smaller 
t ruc ks ~ 
A histogram of vehicle speed is shown in Fig. 5.10. The mean 
speed is 51.9 mph witha standard deviation of 5.4 mph. Consistent with 
an approximately normal distribution, about 68 percent of the trucks are 
traveling between 46 and 57'mph (plus and minus one standard deviation). 
For this group of trucks, speed is partially dependent on GVWbecause the 
heavy trucks -were not a.b 1 eta accelerate to their normal running speed by 
the time they reached the bridge after stopping at the weigh station; 
this also is discussed in detail in Chapter 6 . 
. - The variation-of vehicle transverse position within the norma-l" 
traffic lane is shown in Fig. 5.11; this measurement was made by obs~rvation 
to the nearest 6 inches. As might be expected, the shape of the histogram 
is simi lar to a Gaussian Normal density function with a mean of 0.1 ft. 
south of the lane centerline and a standard deviation of 0.7 ft. 
5.2.2 Series 3, Shaffer Creek Bridge 1969. A total of 905 
trucks in the regular traffic were measured and crossed the Shaffer Creek 
Bridge in the 1969 test period. A histogram of axle type for these trucks 
is given in Fig. 5.12; there are 5J2 35-2 trucks and 74 25-2 trucks in 
this group; thus about 68 percent are tractor, semi-trailer trucks. The 
other large group is the 2D trucks of which many are pickup trucks and 
other body types weighing less than 16 kips. 
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A histogram for GVW for all trucks is shown in Fig. 5.13. 
This data is dominated by the fully loaded and unloaded 35-2 trucks; 
t his i spa r tic u 1 a r lye v i dent inc omp a r i n g Fig. 5. 1 3 wit h Fig. 5. 14 i n 
which a histogram for GVW for only 35-2 trucks is presented. This 
histogram shows,that many of the 35-2 trucks are either carrying full 
load or no load, and the dominating effect of the 35-2 trucks on the GVW 
histogram for all vehicles is obvious. The mean weight of the 3S-2 trucks 
i s 44. 6 kip s . 
A histogram of axle weight including all axles of all trucks 
is shown in Fig. 5.15. The peaks in this histogram at,about 15, 8, and 4 
kips correspond primarily to the drive and trailer axles of the loaded 
3S-2 trucks; the ~teering axle of all 3S-2 trucks, and the drive and 
trailer axles of unloaded 3S~2 trucks, respectively. A histogram of the 
weight of axle A for 3S-2 trucks only is ~hown in Fig. 5.160 This data 
has a mean of 8~4kips- and-a c.o;v~of14.8 pe-rcent; thus the weight of 
axle A for 3S-2 trucks is more nearly constant, regardless of the payload. 
Histograms for axle weight for only 35-2 trucks are presented in Figs. 
5.17, 5.18, and 5.19 for axles B, C, and D and E, respectively. The weight 
of the trailer tandem is assumed to be equally divided between axles D and 
E. This assumption is necessary because these axles were not normally 
weighed separatelY,and was verified by several direct measurements. The 
histograms for all of these axles show the effect of the loaded and 
unloaded 3S-2 trucks. As in Series 2, the axles weighing over 14 kips 
correspond primarily to the fully loaded 3S-2 trucks and the axle weights 
for the unloaded 3S-2 trucks are near the empty weights discussed above. 
There are more occurrenceS of axles weighing between 6 and 13 kips for 
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axles Band C than for axles 0 and E; this attributed to the position of 
the cargo in partially loaded trucks. 
Histograms of axle spacings for th~ 3S-2 trucks are shown in 
Figs. 5.20 through 5.23. For most of these trucks spacing A-B is between 
9.5 and 12.0 ft. and spacing B-C is nearly constant at 4.5 ft. The common 
3S-2 truck has a spacing c-o between 24 and 28 ft., and spacing C-D is 
normally between 15 andl6ft. for the 3S-2 dump trucks. That there were 
not many of these 3S-2 dump trucks in the 1969 tests at Shaffer Creek 
Bridge is evident. Axle spacing D-E is nearly constant at 4.5 ft. which 
is the standard trailer tandem spacing; there were a few spread tandems 
spaced at about 9.5 ft. Thus for most 3S-2 trucks, the only significant 
variable in axle spacing is,the distance between axles C and,D. 
-A--h-i stogr amcf-le-ng th- fO'rth e-3 S--2t-r uc ks--i s'-- g+ve n-j-n F+g-~ --So; 24~­
The shape of this histogram is similar to the shape of the histogram of 
axle spacing C-O, because spacing C-D is the' only axle spacing with 
appreciable variation for the 3S-2 trucks. The standard deviation of the 
1 eng t h sis 3. 3 ft. wh i chi s the s a me as for spa c i n g C - 0 (s e e Fig. 5. 22) . 
Time-histories of bridge strain and deflect ibn for 555 of these 
905 trucks are loaded to computer disk storage and are available for study; 
this group of trucks will be referred to as Subset A; the remaining bridge 
data primarily includes time-histories for 165 trucks weighing less than 
16 kips and for another 172 trucks that were not positively identified. 
Most of these trucks weighing less than 16 kips were 20 type, many of 
which are pickup trucks; the omitted group also includes a significant 
number of 20-1 and 3D types. The various statistical studies given in 
Chapters VI and VII for Shaffer Creek Bridge, 1969, are performed with 
the data from Subset A. 
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A histogram of axle type for Subset A shown in Fig. 5.25 
indicates that 82.7 percent are 3S-2 or 2S-2 trucks, thus their effects 
will dominate the histograms of vehicle characteristics. 
A histogram of GVW for Subset A is shown in Fig. 5.26. The 
mean gross weight is 41.1 kips; this is about the same as the Se r i eS 2 
group which had a mean GVW of 40.5 kips. Also comparison with the mean 
gross weight for all 905 trucks, 34.4 kips, indicates that mainly 1 ight 
trucks are deleted from the total group. The shape of the histogram 
shows the influence of the fully loaded and empty 3S-2 trucks. 
A histogram of truck length for Subset A is shown in Fig. 5.27; 
its shape is similar to that of the histogram of length for 3S-2 trucks 
only (s:ee Fig. 5.24) with the exception of the shorter vehicles. The 
d-;-stancebetween--the -cente-rs-of-thedrive-and--trailer- tandemaxles---j--s······-
used in the statistical studies presented in Chapters 6 and 7 and is 
called spacing S2. For a 3S-2 truck, S2 is defined in terms of the 
axle spacing as 
8-C 5 = - + (C-D) 2 2 
D-E +--2 (5. 1 ) 
A histogram for spacing 52 is presented in Fig. 5.28. This histogram is 
similar to the -histogram for spacing C-D for 3S-2 trucks. (see Fig. 5.22) 
but has a mean value which is 4.2 ft. larger. This increase is due to 
def in i ng spac i ng S2 to be from cente r to center of 'the tandems rather 
than as the spacing between axles C and D. 
The histogram for vehicle speed for Subset A is shown in Fig. 
5.29. The mean speed is 52.6 mph and the standard deviatio:l is 5.4 mph; 
this distribution is similar to the Series 2 data at the same bridge 
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which has a mean speed of 51.9 mph. There is again atenden6y for the 
heavy trucks to be traveling slower than the 1 ight trucks. 
These 555 trucks include about 75 per~ent of the vehicles 
weighing over 16 kips out of the 905 vehicles that crossed Shaffer Creek 
Bridge during the 1969 test period. The characteristics of this subgroup 
are similar to the characteristics of the entire group with the omission 
of the 1 ighter vehicles. 
5.2.3 Series 4, C.B. & Q. Bridge. Due to an intervening 
interchange, the group of trucks that stopped at the weigh station during 
Series 4 was not identical to the group of trucks that crossed the bridge. 
However, a relatively small number of trucks exited or entered the 
interstate here, and it is estimated that at least 90 percent of ,the 
vehicles that stopped at the weigh station also crossed the'test bridge, 
and conversely. With the exception of speed, the vehicle characteristics 
presented in this section are for the group of 1489 trucks that stopped 
at the weigh station. 
The frequency of occurrence of each axle type is presented in 
Fig. 5.30; the data shows that 69.3 percent are 3S-2 trucks, and 11.8 
percent are 2S-2 trucks. Thus 81.1 percent of the vehicles are tractor, 
semi-trai ler combinations and, as in Series 2 and 3, their influence wi 11 
dominate the histograms of vehiclecha~acteristics . 
. A histogram for GVWis shown for all trucks in Fig. 5.31 and 
for 3S-2 trucks only in Fig. 5.32. As in the other test series the data 
for all trucks is dominated by the 3S-2 trucks, and the high frequency of 
occurrence of fully loaded and unloaded 3S-2 trucks is evident. The mean 
GVW for all trucks of 46.0 kips is about 5 kips larger than for either 
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year at the Shaffer Creek Bridge. Thus there is a higher percentage of 
heavily loaded 3S-2 trucks for the Series 4 data than for either Series 
2 or 3. 
A histogram for axle weight for all axles, all trucks, is shown 
in Fig. 5.33; this data is for 6751 axles. Since the group is dominated 
by the 3S-2 trucks, the peaks at about 5, 9, and 15 kips correspond 
primarily to the unloaded tandem axles, the steering axle; and the loaded 
tandem axles of the 3S-2 trucks, respectively. The mean weight of all 
axles of 10.1 kips is higher than for either the Series 2 or 3 trucks. 
Histograms for axle weight for axles A through.E for 3S-2 trucks 
only are presented in Figs. 5.34 through 5.37. The distribution of the 
weight of axle A is approximately normal with a mean of 8.6 kips and a 
c.o.v. of 0.13 and is nearly identical to the corresponding data from 
test Series 3. The histograo6 fOi the other axles again show the frequent 
occurrence of trucks which appear to be either fully loaded or unloaded. 
As in Series 3, axles Band C weigh between 6 and 13 kips more frequently 
than do axles 0 and E; this has been attributed to the distribution of 
the cargo in partially loaded trucks. Also, for the unloaded trucks, 
axles Band C weigh between 5 and 6 kips, and axles 0 and E between 4 and 
5 kips; these values are consistent with the data from the other test 
series and the average axle weights calculated for empty 3S-2 trucks. 
Histograms for axle spacing for 3S-2 trucks only are shown in 
Figs. 5.38 to 5041. The histograms for spacings A-B and B-C are very 
similar to the corresponding data in Series 3, and the distribution of 
axle spa6ing C-D is similar to the Series 3 data wfththe exception of a 
smaller percent below 15 ft. in the Series 4 group. The standardization 
70 
of the tandem spacing is evident in the histogram for spacing D-E. 
The lengths of the 3S-2 trucks (Fig. 5.42) are distributed in 
a simi 1 ar manner as in Ser ies 3 wi th the except ron of a smaller percentage 
of trucks under 35 ft. in the Series 4 group. The shape of this 
dis t rib uti 0 n i s n ea r 1 y G a us s ian No r ma 1 wit ha mea n of 45. 2 ft. a nd a 
standard deviation of 2.5 "ft. 
A histogram of speed for all vehicles that crossed the bridge 
is ~hown in Fig. 5.43. These truck speeds can be represented by a Gaussian 
Normal dens ity function with a mean of 54.8 mph and a standard deviation 
of 5.3 mph. The approach to the C.B. & Q. Bridge is on a sl ight upward 
grade, so the trucks may be travel ing at less than their usual running 
speed when they cross the bridge. Even so, the average speed for C.B. & 
Q. is higher than in either test period at Shaffer Creek. 
5.3 Comparisons with 111 inois "Division of Highways Data 
The Illinois Division of Highways conducts annual surveys at 
the State truck weighing stations (12). In this section" a comparison is 
made between data collected for the trucks that crossed the bridges in 
test Series 3 and 4 and the data reported in the State traffic surveys 
for these locations. The State survey forecasts distributions of various 
vehicle characteristics including GVW and tandem axle weight; these 
distributions are extrapolations of the data from the vehicles weighed 
in the survey based on vehicle counts. 
5.3.1 Series 3, Shaffer Creek Bridge 1969. State Weigh Station 
23 designates the weighing station on 1-74 and 1-280 one mile west of 
Shaffer Creek Bridge which was used during test Series 3 at Shaffer Creek 
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Bridge in 1969. The State survey was conducted at this station for an 
eight-hour period on July 29, 1969, during which 430 trucks were weighed. 
A comparison of the frequency of occurrence of axle types 
between the State sur~ey and test Series 3 is given in the table below. 
The percentages of tractor, semi-trailer combinations are comparable 
except that the Series 3 test group contains sliqhtly more3S-2 truckso 
than was reported by the State. 
Frequency of Occurrence (percent) 
Axle Type State Survey UI Ser i es 3 
3S-2 51.6 59.3 
2S-2 12. 1 8.8 
OtheOr 36.3 31.9 
The forecast for distribution of GVW given in the ~tate survey 
report (12) is shown by the histogram in Fig. 5.44. Although a different 
~ 
counting interval has been used, this figur~ can be compared to Fig. 5.13 
which presents the histogram of GVW for all vehicles in test Series 3. 
These histograms are similar except for vehicles weighing under 10 kips; 
both show the frequent occurrence of fully loaded and o unloaded tractor, 
semi-trailer trucks and the relatively infrequent occurrences of trucks 
in th~ 35 to 60 kips range. The difference in the distribution under 10. 
kips is not significant, because many of these vehicles are not included 
in the test Series 3 traffic group. 
The forecasted distribution of theoweight of all tandem axles 
for tractor-trailer combinations is shown by the histogram in Fig. 5.45; 
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most of this data corresponds to the tandems of the 3S-2 and 2S-2 trucks. 
Comparison of this data can be made with the histogram of axle weight for 
axle B, 3S-2 trucks, which is shown in Fig. 5.17; doubl ing the weight 
scale of this histogram approximates the weight of the driver tandem~ 
It is difficult to compare the shapes of the~e histograms because of the 
different counting intervals; however, it appears that the State survey 
data shows fewer tandems in the 6 to 12 kips range than is indicated in 
the Series 3 data. Both histograms have a peak at about 31 kips which 
corresponds primarily to the fully loaded 3S-2 trucks. 
Thus, the group of trucks in test Series 3 has a mix of truck 
types and a distribution of GVW similar to those reported by the State 
survey, but the Series 3 data shows more tandems in the 6 to 12 kips 
range than reported by the State. 
5.3.2 Series 4, C.B. & Q. Bridge. The characteristics of the 
trucks that crossed the C.B~ & Q. Bridge during test Series 4 in 1969 can 
be compared with the results of the State survey conducted at State Weigh 
Station 24 on July 30, 1969, during which 525 trucks w~re weighed. This 
weigh station was used in the Series 4 tests. 
A comparison of. the frequency of occurrence of axle types is 
given in the table below. The Series 4 group contains significantly more 
3S-2 trucks and slightly more 2S-2 trucks than reported by the State. 
Frequency of Occurrence (percent) 
Axle Type State Survey UI Ser i es 4 
Unadj us ted Adj us ted 
3S-2 51.9 68.0 69·3 
2S-2 9.2 12.0 12. 1 
Other 38.9 20.0 18.6 
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For this location, using the raw data, the State reports. 61. 1 
percent tractor, semi-trai ler type trucks compared to 81.4 percent present 
in the Series 4 test group. This discrepancy seems to be due to differences 
in the number of 1 ighter vehicles considered during each survey; i.e., the 
vehicles in the "Other" category. Many vehicles of this type weighing less 
than 10 kips were not included in the Series 4 group. If the State survey 
data is arbitrarily adjusted to contain 20 percent JlOther" axle types, then, 
as shown in the table above, the agreement with the Series 4 data for both 
the 35-2 and 2S-2 axl e type is imp roved. A 1 so note that for each se t of 
·data.the relative proportion of 3S-2 to 2S-2 trucks is nearly the same. 
The forecasted distribution of GVW by the State is shown by the 
histogra~ in Fig. 5.46; this histogram can be compared to the histogram 
of G VW for all ve hie 1 e sin t est S e r j e s 4 ( see Fig. 5 • 3 1 ) . Th e dis t rib uti 0 n s 
are similar with the exception of vehicles under 10 kips; both show the 
frequent occurrence of fully loaded and empty tractor-trailer trucks. 
As before, the difference in the distributions below 10 kips may be ignored 
because many of these vehicles were omitted from the Series 4 ·test group. 
'The forecasted dIstribution of the wefght of all tandems for 
tracto:r-trailer combinations is shown in Fig. 5.47; this histogram can 
be compared to the histogram of weight for axle B for the 3S-2 trucks in 
the Series 4 traffic group (see Fig. 5.35). Again, doubling the weight 
sca~e approximates the weight of the driver tandem. These histograms are 
difficult to compare because of the different counting intervals, but 
their general shapes are similar. 
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5.4 Summary 
The significant trends in the histograms of vehicle 
characteristics for test Series 2J 3 J and 4 can' be summarized as 
fo 11 ows : 
'(I) Axle Type. All three groups of trucks are dominated by tractor, 
semi-trailer combinations of the 3S-2 and 25-2 axle types. 
(2) Gross Vehicle Weight~ The histograms of GVW for the trucks in 
each test series show that a high percentage of the 3S-2 and 
2S-2 vehicles carry either a full load or no load; the 3S-2 
trucks weigh about 25 kips empty, and about 70 kips fully loaded. 
(3 ) Axle Weights. The weight of axl e A for 3S-2 trucks is nearl y 
constant at about 8.5 kips. The weight of axles B, C, D ,and 
E depends on the cargo load; for the empty 3S-2 trucks these 
axles weigh about 5 kips and for the fully loaded ones they 
weigh about 15 kips. 
(4) Axle Spacings. For the 3S-2 trucks, the only axle spacing with 
appreciable variation is C-D; this spacing is about 27 ft. for 
the typical 3S-2 and about 15 ft. for the 3S-2 dump trucks. 
Spacing A-B varies over a narrow range with a mean of about 11 
ft. J and spacings B-C and D-E are nearly constant at 4.5 ft. 
with the exception of a few spread trailer tandems. 
(S) Length. The distribution of length for the 3S-2 vehicles is 
very similar to that of axle spacing C-D; the typical 35-2 
truck is about 46 ft. long, and the short 3S-2 dump trucks 
are about 30 ft. long. In the Series 2 tests J most of these 
short 3S-2 dump trucks are fully loaded, and this causes an 
apparent relationship between length and GVW. 
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(6) Speed. The distr'ibution of vehicle speed for each test series 
is approximately Gaussian Normal. The mean speeds for Series 
2, 3, and 4 are 51.9, 53.2, and 54.8 mph, respectively. There 
is a s1 ight relationship between vehicle speed and GVW in the 
Series 2 and 3 tests caused by the stopping of th~ vehicles 
before the bridge at the weigh station. 
(7) Transverse PositiDn. The dlstribution of the transverse 
positions of the regular traffic vehicles in Serres 2 can be 
represented by a Gaussian Normal density function with a mean 
of O. 1 f t 0 sou tho f the t r a ff i cIa n e c en t e r 1 i ne and, a S t a nd a r d 
deviation of 0.7 ft. Transverse position was not measured fn 
Series 3 or 4. 
Some of the parameters of the bridge-vehicle system which have 
been treated as random variables are nearly constant because of standardi-
zation within the truck manufacturing industry. These parameters include 
tractor and tandem axle spacings and empty axle weights for the 3S-2 trucks. 
Vehicle stiffness, frequency, and damping properties could not be included 
in this study; where needed, values of vehicle. frequency and damping will 
be chosen, on the basis of information available in the 1 iterature. 
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6. INFLUENCE OF VEHICLE' CHARACTERISTICS 
ON MAXIMUM BRIDGE RESPONSE 
6.1 Introduction 
The relation~hips between maximum bridge response ~nd certain 
vehicle characteristics are studied by evaluating, statistically, simp1 ified. 
1 inear models of the bridge-vehicle system usinq the exoerfmental data. 
There .is no need to propos~ ~nd validate hypotheses as:astaiistical 
forma 1 i ty s i.nce the re 1 at i onsh i ps between the 'var i ab 1 es are known from 
theory (but may be difficult to write explicitly). In these studies 
emphasis is placed on 1 inear,regression analysis and the coefficients 
of carre 1 at. i on. 
A motivation for the discussion herein may be drawn from study 
of F i 9S. 6. 1 and 6.2 in wh i ch bot tom f I a~5L~.~_! .. !:'c:t_~0.._~~!:l~1~._ i ~ ... -Rlg~1e ..... d._ ............ _ ........................................................................ _ ....  
versus GVW for beams 4 and 5 of the Shaffer Creek Bridge. Included are 
42 FHWA test vehicle speed runs and 106 regular traf~ic runs, most of 
which are 3S-2 trucks. The influence of certain vehicle characteristics 
on the maximum response of the bridge is readi Iy seen. In general, 
strain range increases with GVW, but'GVW alone does not account for all 
of the variation in strain range. 
The transverse position of the vehicle on the bridge also has 
a large influence on str~in range. This is indicated by the data for 
the FHWA test truck runs in lanes 1, 2, and 3 where there is a 
significant variation in strain range for different transverse positions. 
HO\tlever, there is also a significant variation in strain range for the 
FHWA test truck runs in a given lane. The general effect of vehicle 
length is seen in the data for the group of gravel trucks weighing 
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between 69 and 71 kips. These trucks are shorter than .the FHWA test 
truck, weigh slightly less, but produce higher ~train ranges. 
The studies in this chapter are presented to further illustrate 
and quantify, when possible, the effects of these and other vehicle 
characteristics on the maximum bridge response. These studies are made 
primarily with regular traffic runs at the Shaffer Creek Bridge in both 
1968 and 1969. A 1 imited study of the effect of vehicle speed is made 
using data for the FHWA test truck at the Salt Fork River Bridge. 
6.2 Interdependency of Vehicle Characteristics 
Before investigating the effect of GVW, speed, length and 
spacing 52 on the maximum bridge response, it is useful to analyze the 
variability of these vehicle parameters and their interrelationship. 
. . , 
pairs of vehlc·1e characteristics and studying the relative frequency of 
occurrence of trucks in these arrays. For example, one subset consists 
of all trucks crossing with speeds between 50 and 55 mph, also having 
lengths between 25 and 30 ft. The development of subsets was made for 
I 
trucks in Series 2 and 3 with vehicle characteristic pairings of GVWand 
length, GVW and speed, speed and length, GVW and spacing 52' and speed 
and spacing 52" It might be noted that these could also be studied 
quantitatively, making use of coefficfents of correlation, or qual ita-
tively by means of scattergramS. 
. . 
The permutations and combinations of parameters which comprise 
the various subsets and the number of trucks in each subset, as taken 
from the total population of traffic vehicles that crossed the Shaffer 
Creek Bridge dur'ing the 1968 tesi .series, are presented in Tables 6.1 
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through '6.5. This data 'is drawn from 30i regular traffic trucks, but 
in most cases not all ofthes~ trucks'fal1 within the subset limits'. 
The'humber of trucks in e~ch GVW-)en~th subse~ is presented in 
Table 6.1. I~ this'array, 85 percent of theit~ucks shorter than 35 ft. 
weigh more than 65 kips, and 70 percent of the trucks longer th~n 35 ft. 
weigh' less than 40 kips.· This pronounced inverse rel~tionship between 
GVW and length results from the frequ~nt occu~rence'of the short, fuil y 
loaded 3S-2 dump trucks and the infrequent occurrence of fu lly loaded 
3S-2 trucks of normal length during the 1968 tests. 
The,numberof trucks in each GVW-speed subset is shown in 
Table 6.2. An expected pattern of heavy trucks having lower spe,eds and 
1 ight trucks having higher speeds is apparent. It should be noted that 
the weigh station is located one mi l,e, before th,e bridge; after stopping, 
the heavier trucks cannot accelerate to their normal running speed by the 
time they cross the bridge. 
The number of trucks in each speed-length subset is presented 
in Table 6.3. The speeds of the trucks long,er than 35 ft. vary from ,4.0 
to 65 mph, but most of the trucks shorter than 35 ft. hav~ speeds slower 
than 50 mph, a tendency which is the result of the influence of t,he h:eavy 
3S-2 dump trucks on the relationships betweenGVW and length and GVW 
and speed. 
The n~mber 'of trucks in each speed-S2 subset and ~ach GVW-52 
subset are presented in Tables 6.4 and 6.5. These subsets are quite 
similar to the corresponding ones f?rmed by length rather than 52' because 
S2 is nearly proportional to length f?r most of the trucks., Thus, there 
is a noticeable inverse relationship betw~e~ GVW and 52 and a tendency 
for tr'ucks with small S2 values to have slow speeds. 
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The subsets for 555 traffic runs at the Shaffer Creek Bridge 
in 1969 (Subset A) are presented in Tables 6.6 through 6.10. The'number 
of trucks in each GVW-length subset are.presented in Table 6.6. There 
are very few trucks. less than 35 ft. long weighing over 60. kips; this. is 
a result of the infrequent occurrenceof.the fully;loaded3S-2 dump trucks 
in thls set of vehicles. The trucks with lengths between 40 and 50 ft. 
are distributed over the entireGVW range .. No significant relationships 
between GVW and length are noted for this group. ·The number of .~trucks 
in each GVW-speed subset is presented in Tab 1e 6.7 .. The number of trucks 
in each speed-length subset is given in Table 6.8; there are only a few 
trucks shorter than 30 ft., and the trucks longer than 30 ft~ are 
distributed over a·wide speed range. In contrast to the 1968 data, speed 
and length are independent parameters. for this group of trucks. The 
number o·f trucks in each speed-S2 subset and each GVW-S2 subset are quite 
similar to the corresponding groupings usfng length rather thanS2 . These 
subsets are shown in Tables.6.9 and ·5.10 .. 
603 Lateral Distribution of Maximum Strains and Effect of Transverse 
Veh i c 1.e Pos it ion 
The transverse distribution of the maximum bottom.flange strains 
for Shaffer Creek Bridge was studied for 222trafffc runs in 1968 and 541 
traffic runs in 1969. The distribution to the.beams of the maximum total 
moment· at section A is calculated for each run based on the maximum bottom 
flange strains in the beams. For any run the percent of the total.strain, 
P., in the i-th beam is 
I 
P~ 
. , = 5 
l:: 
j=l 
max 
€ • 
I x 100 (6. 1) 
max 
€ • 
J 
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where €~ax is the maximum bottom flange strain in the i-th beam. This 
I 
concept has been used in ~nalytical studies of one and two ~pan 'bridge~ 
(8). The denominator of Eq. (6.1) is nearly cohstant fOr a given vehicle 
regardless of transverse position (see section 4.1.4) and is a measure of 
the maximum total moment at the'cross section. 
The 222 runs from Shaffer Creek Bridge in' 1968 are studied, 
first, as a single group, and, second, a~ three subgroups bas~d on GVW. 
This subdivision is made to study the influence of GVW on the transverse 
distribution of strain. The 541 runs in 1969 at Shaffer Creek Bridge are 
considered only as a single gfoup. 
A histogram for the percent of the total strain in beam 5 c at 
section A is shown in Fig. 6.3 for the 1968 data. These results, with 
a mean of 34.2 percent and a standard deviation of 4.6 percent, include 
regular traffic vehicl~s,of'all gross weights~ speeds, l~ngths, and' 
tr~nsverse'positiohS. Corresponding results for the 1969 data are, 
presented in Fig. ·6.4. For these computationsS.48 percent of the" total 
strain ;s assigned to beam 1; this assumption is based on the 1968 results 
and is necessary because beam I was not instrumented in 1969. This data 
has a mean of 33.7 percent and astand~rd de01ation of 3~8 ~ercent, both 
of which are close to the co~responding values for the 1968 data. Both 
histograms can be approximated by Gaussian Normal density functions. 
The mean, standard deviation,' andc.o.v. for the:percent 'of 
tot a 1 s t r a i n j n ea c h b ea mar e g i v e n i n Ta b 1 e 6. 11 for the 9 r ou P s des c rib e d 
above o The data shows that for the heavily loaded beams (3,4, and 5) the 
mean and standard deviations are nearly the same for each year, regardless 
of GVW. About 64 percent of the load is carried by beams 4 and 5 for runs 
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which are in the regular traffic lane. Beam 4 .has the smallest C.O.v. 
for a II groups. 
The influence of vehicle t'ransverse position on the maximum 
bottom flange ·strains can be evaluated by studying the percent of the 
total strain in the i-th beam as a function of vehicle transverse posi~ion. 
This study has been made for beams 3, 4,· and 5 at section A of the Shaffer 
Creek Sr·idge for 209 tr.affic runs in 1968. The results are presented as 
.. plots 'of the percent of the total strain in each beam versus vehi'cle 
transverse position in Figs. 6.5, 6.6, and 6. 7. The slopes of .the,·1 inear 
regression lines indicate the general trends. The coefficients of corre-
lation,p, show. that other factors also influence the percent of the total 
strain in each beam; these values are given in the table below. 
Beam Slope Cor reI a't ion 
3 -0.97 -0.21 
4 -0.33 -0.08 
4 2078 0.44 
As. might be expected, in Ftg. 6.7 it is seen that beam 5 carries. a higher 
.:percent of the total load as the vehicle moves to. the north (closer to 
beam 5)'; the coefficient of correlation of. o~44 for this beam indicates 
some dependency between t he two; va r i ab Ie s but al so that the re are ot her 
fa~tors influencing the percent of the total strain in beam 5·. The slope 
·of the regression line ,for beam 4. issmall,and the correlation of -0.08 
indicates near statistical .independence. This Independence is,a result 
of the shape of the. i nf luencel i ne for moment .j n beam 4 and the pas it ions 
of the whee'l loads. This influence' line. is· approximately symmetric about 
82 
beam 4 (within the 1 imits of the width of the normal traffic lane). ': The 
wheeJ loads for trucks in the traffic lane straddle beam 4, thus variations 
in transverse load positions do not change the moment in be,am 4 signifi-
cantly. The I ine of best·fit for beam 3 shows ,that the percerit of the 
total strain decreases as the vehicle moves toward beam 5; this, can be 
expected since a 11 whee Is, are then mov i ng away f rom beam 3.' 
Transverse position alone does nota~count for thevarlation in 
the di stribution of total strain to the beams. Theoretical studies have 
shown that the transverse distribution of moment to the beams depends: also 
'on the longitudinal position and width of the load '''(8). Trucks',w:ith 
identical axle 'weights and transverse position' but different lengths wi 11 
produce d i ffe rent -d i st ri but ions of momen t to t he beams. 
6.4 Effect: of_ Gross Vehicle Weight 
The dominating influence of gross vehicle weight on the maximum 
static response of brid-ge.s is well established. It effect on the maximum 
dynamic response has been studied theoretically with various models, 
experimentally with a 1 imited number of test runs, and in other fie1d 
studies' (2., 3, 4). For an e la st i 'C system, when other. load pa-rame:t'e rsa re 
constant, there is a linear relationshf~ betweeh'maximu~stat1c response 
and GVW. The vehicle to bridge weight ratio, R, is- one of several 
'significant parameters influencing: the maximum ampl:itude of the l l 
n'ondimensionalized dynamic :increments-, D1 Howev~r, for the Shaffer 
max 
. Creek Bridge, R ranges between 0.1 and 0.3 for GVW ranging between 20,000 
Ib and 70,000 lb. It has been seen ,that the nondimensionalizeddynamic 
increment is relatively insensitive'to the weight. ratio over this range. 
However~. the ampl itude of the'dynamic increment, 6I, in- abso1.ute terms 
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'is still a functlon GVW, that is, 
6I ,-= 0 I M 
max max x st 
where,. as before, OI is a nondimensiona1 increment or impact factor. 
, max· 
whi ch is not strongly dependent on GVW; M is the ,maximum static moment 
st 
which is a function ,of GVW. Thus,thetotal.dynamic, response" static 
plus dynamic increment, is a n,early 1 inear function of. ·GVW., Evaluations 
of this relationship based on the.experimentC!l -test data are presented 
in this section; these studJes are made with the regular traffic data 
from the Shaffer Creek Brid,ge in 1968 and ,1969~ 
Strain range on beams 4 and 5 at section A ,of Shaffer Creek, 
Br,idge ,:is plotted versus GVW in Fig-s .. ,6.8 to 6,11 for :abou.t 220 runs from 
1968 and 435 runs from 1969,., Overall, these plots show the expe,cted high 
positive correlation between strain range and GVW ,for ,groups of, vehicles 
with essentially. random vehicle speed'"..length, and transverse position. 
- -
The number of d.3ta points, slopes.ofthe regression. lines, deviations, 
and the coefficients of. correlatipn for these four sets of data are given 
below. 
Number Slope oeviat ion Correlation Beam (~,d n . / in. ) Coeff.icient 
1968 1969 1968 1969 1968 1969 1968 1969 
4 227 435 2.50 2.05 23.6 18. 1 .91 .'90 
' , 
5 218 .. 435 3.20 2.27 30. 1 23.9 ,'90 -.87 
Th~ slope~of the reg~ession lines for bdth'beams' for the 1968 
dafa are 'ste'eper' than for the same 'beams, re'spectively, for the 1969 data. 
This is caused by the larg,e number of'heavy 35-2 dump trucks' in the 1968 
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traffic group which produce high strain ranges (see'Fig. '6.1). In' 
addition, for each year, the ,slope ~or beam 5 is steeper than that for 
beam 4. This is consistent with the results in Table 6011 which show 
that, in 'general, beam 5 carries a higher percentage' of the total st'rain 
than beam 4. ' The dispe'rsion .in the data as 'measured by ,the deviation is 
caused by the effects Of ,other 'loading parameters 'in'c'1udihg vehicle 
len'gth, 'speed, transverse p'os'ition, and' ihitial conditions. ' ifhere 'are 
two trend's; first, the' dispersion for each beam"js larger in"1968 "than 
in 1969'; this, can be'attributedto ,the' 1argercoo.vo for vehicle ·length 
in the 1968 data. Second, the dispetsion for beam "5is,"'];3'rger than ,for 
beam 4 in'each year'; this tre'nd is due to"the, influence of,:vehicle 
transverse posit'ion.' As was shown :previously, vehicle transverse, posTtion 
has 1 itt,1e influence on"the respon'se'ofbeam4 but an a'ppreciable influence 
bn the r~sp6n~e of be~m'5. •· .. ··1 
, .. The coefficients bfcorrelat;on,'f'or thesefou.r 'sets of- da"ta .i 
,range from 0.87 t'o 0.9L These high correlations;indicate: that::t,heteis 
a strong linear relationship between: GVW and strainrang·erfo·r'·the';.dynamic 
loading case, and that maximum response predicted on the basis of:GVW, 
alone yields .useful results.,. Note that thes~.<;;:oefficiel1t.s otG,orr~lation 
are,' i nf 1 u~nc~d by .. t he'd i s't r i but i on of. ye'hi c 1 ~1 e:?gth'j ~ each groU'p: of 
trucks. The Series 2 truck$ ~ncl~ded th~ )~~ge ~um~~rq{ h~a~i ~~~2 dump 
\ 
trucks. and a small number of heavy 3S-2trucks of norrpa 1.1ength,and the 
opposite is true for theSeri'es 3 'truck group~" Thus neither gro'u'p has a 
wide distr.ibution of lengths amon·g the heavyvehicles .. This tends to 
increase the coefficients of correlation, since.length has.a signifi.c.9nt 
lnfluence on; the strain range .•.... 
'. ~ ¥ 
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Obviously the position and spacing of the loads has a direct 
effect on the static response; theoretical studies have shown that both 
vehicle length and speed influence the dynamic response. Thus the 
separate influence of GVW can be more accurately studied using data for 
subsets of trucks with similar lengths and speeds. Bottom flange strain 
range for beam 4 at section A of Shaffer Creek Bridge plotted versus GVW 
is presented in Figs. 6.12 to 6.15 for four subsets of vehicles grouped 
by speed and length and speed and 52; the table below summarizes dat~ on 
these subsets and the results presented in the figures. 
Fig. Year Number Speed 
(mph) 
Length 52 
(feet) (feet) 
6012 1968 18 46-51 41-46 any 
Slope Dev. Correlation 
(\-Lin./in.) 
1 .45 15.8 0.85 
6.13119681 40 150-55 41-46 any 12.56 14.2 1 0.92 I 
l:_:_:_;~-_:_:_::~-__ :_: __ ~:_:_~:_:~-4_·~_:_:_6~_;_50~_:_:~~_:_:_:~ __ ::_:_:~~ :::: I 
These subsets are formed using vehicle length (or 52) and speed 
as the major variables; however, there is only 1 imited variation in the 
vehicle speeds. Althou~h the variation in the strain range due to l~ngth 
and speed effects has been reduced, there is still a significant dispersion 
in the data as indicated by the deviations and the coefficients of 
correlation. The deviations for the two 1968 data sets are smaller than 
'the deviation for the entire 1968 data group (23.6 ~in./in.), while the 
deviations for the two 1969 data sets are close to the deviation for the 
entire 1969 group (18.1 l-1in./in.). In addition, the coefficients of 
correlation for these four subgroups are about the same a~ those for 
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the entire groups. It is difficult to a~tach any significance to such 
small differences; however, one would expect the subgroups to have higher 
correlations. Recal 1, thou~h, that the correla~ions for the entlre 
'groups may be increased by the poor distribution of vehicle length among 
heavy trucks. The small number of trucks in each subset also may affect 
the correlations and deviations. Also, there are other parameters 
influencing dynamic bridge response that can be considered random in 
nat~re, ~.g.,vehicle speed, initial conditions, ~nd axle spacing and 
deck roughness. 
The group of trucks considered in Fig. 6.15 has a longer 'spacing 
S2 than the group in Fig. 6.14; thus the statlc effect of length is smaller 
a ndt his accounts for the lower slope of the Jjne'of best fit. The effect 
of. spacingS2 is discussed j:n deta; 1 in section 6.5. 
The effect of GVW may also be demonstrated by plotting strai.n 
range versus spacing $2 for GVW-speed subsets with distinctly different 
weight". Such data is pre'sented in Fig-. 6.16. The group labeled' A includes 
trucks weighing between 70 and 75 kips and traveling' between 40 and 1+5 mph, 
and the group labeled B includes trucks weighing between 20 and 25 k1ps and 
traveling between 50 and 55 mph .. Thegeneralinfluence of GVW is indicated 
by the relative positions of the regression lines, and the effect· of S2' 
mainly on the static component, is· indicated by the slopes of these lines, 
i.e., strain- range decreases'as S2 increases. 
6.5 Effect of Length and Spacing S2 
Certainly axle spacing S2 influences the static response of the 
bridge (the crawl component of the dynamic response), i.e., it determines 
the relative positions of the loads. For example, in two-span continuous 
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beams with spans of length L loaded by two equal forces spaced at s, 
the maximum static response is approximately a linear function of s if 
s/L is less than 0.5. However, if s/L is greater than 0.5, then s has 
no influence on the maximum static response, because one axle'is at 
midspan and the other is off the bridge in the load configura~ion for 
maximum moment. Given the usual range of truck lengths, thrs later 
effect occurs only in short span bridges. In general, there is a near 
linear relationship between axle spacing and maximum static response for 
two-span continuous bridges. Thus, the static effect of length, or S2' 
can be isolated by studying subsets 6f trucks grouped by length intervals. 
Intervals of 5 ft were used; longer intervals would defeat the purpose of 
thesubgrouping, and shorter intervals would result, in unacceptably small 
subgroups. 
The dynamic effect of axle spacing is complicated. Its influence 
on the 'maximum dynamic bridge response is inter'related with the span length, 
the truck velocity, the period of the bridge, and perhaps, the per'Jod'of 
the vehicle. The effect of axle spacing on the dynamic increment of 
response has been studied theoretically for a single sp~n bea~ mod~l of 
abridge (2), and the general concepts apply to a two~span continuous 
bridge with equal spans. The ratio (s/L)/ct is related to addition and 
c~nceJ lation of response components induced by individual axles; th~se 
components' are assumed to ,have a period of osci llation Tb . The addition 
and cancellation of components a're seen to be characterized by the 
f 011 ow i ngt rend s : 
Addition and a relative maximum when 
s/L = 2n 
ct 
, n ,,: l, 2 ,3 , ... (6.3) 
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'Cancellation and a relative minimum when 
s/L 
- = 2n - 1 
Q.I 
n = 1,,2,3, ... (6.4) 
In these equations, s is the axle spacing for a two axle model of a truck, 
L is the bridge length, and Q' is the speed parameter. Additionally,.most 
of the heavy trucks in thi.s study have five axles:" and the relationshlp 
between the speed ~arameter and bridge response ,for these vehicles and· 
two·-span."bridges is not well known. 
In any case, it is difficult to isolate th~ dynamic ~effect of vehicle 
length in the data. As a simplified example, consider Eqs. (6.3) and (6.4) 
applied to the Shaffer Creek Bridge. Using 8.0 Hz for the bridge frequency 
and considering a. vehicle speed of 45 mph, an s of 41 .. 2 ft satisfJes Eq. 
(6.3) and d'n s of 45.4 ft. satisfies Eq. (6.4). Thus, only sLlbgroups,with 
. very small length intervals would isolate the dynamic effects of'vehicle 
length. Again, .such. subgroups would contai-n an "unacceptably smaH number 
of trucks. 
Thus~ the static effect of l~ngth or axle spacing should be 
evfdent in the data as an inverse, nearly linear rel~t1onship wIth strain 
range when the dominating influence of GVW Js, isolated, but the dynamic 
effect. of length or·axle spacing cannot be isolated using ,this subgrouping 
procedure with the available data. These dynamic, effects will, however, 
a.ccount for some of the var.iation in ,response when other parameters of 
the brIdge-vehicle system are nearly equal. 
Bottan flange strain ranges measured in beams 4and 5 of Shaffer 
Creek Bridge are plotted versus vehicle length and presented in Figs. 6.17 
to 6.20. Included are trucks weighing between 15 and 75 kips, traveling 
at speeds between 40 and 65 mph; these number 217i~ 1968 and 436 in 1969. 
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The ~ispersion in this data is lafge and length alone'does not, in general, 
correlate well w1th strain range. The coeffici~~ts of correlation are 
give n below. 
Correlation 
Beam 
1968· 1969 . 
4 -0.43 0.03 
5 -0.56 0.02 
-. .. -
The correlation for both beams !s near zero for the 1969 data indicating 
near statistical independence. The higher ne$atiye correlations for the 
1968 data are caused by the dependency between GVW and length as discussed 
in section 6.2. Most of the dispersion in these data is caused by 
variations in G\fW. 
Regress ion 1 ines for bottom flange st ra in ran-ge versus GVW for 
several subsets of trucks grouped by length and speed are presented in 
Fig. 6.21. This data is for beam 4 of Shaffer Creek Bridge; the 
sensitivity to vehicle transverse position i~ minimized by using beam 4 
data. The static load concentration effect of length is clear from this 
data, i.e., the shorter trucks in most instances produce larger strain 
ranges than the longer trucks. When the trucks are long compared to the 
span l~ngth, the axles produce separate maxima in the time-histories and 
length does not influence the maximum static response. This is evident 
for the r~gression lines for the length groups of 41 to 46 ft and 46 to 
51 ft which fall close together. 
Strain range versus length for two subsets of heavy trucks 
(65 to 70 kips) with different speeds are shown in Figs. 6.22 and 6.23. 
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The correlation coefficient for the 41 to 46 mph group (Fig. 6.22) is 
is -0.912 and for the 46 to 51 mph group (Fig. 6.23) Js -0.854 .. Thus, 
with variations in GVW restricted, vehicle length has a high, negative 
correlation with bottom flange strain range. However, in both of these 
figures the data is clustered so as to essentially define two points, 
so it is inevitable that the correlation will be high. HOV.Jever, on the 
basis of theory it can be predicted that the relationship will be nearly 
1 inear. 
The spacing 52 between the heavy tandems of a fully loaded 
tractor, semi-trai l~r truck theoretically has a m6re di rect influence on 
the maximum' static bridge response than the total length (wheelb~se). 
For a 35-2'truck each fully loaded tandem weighs abo~t' 3~5 times the 
weight of the steering axle. However, for an empty 35-2 truck the 
tandems weigh about the same as the steering axle and thus b~th 51 'and 
5
2
'are' s:j gn i f i cant. 
A plot of spacing 52 versus the bottom flange strain range on 
be a m 4 iss how n i n Fig. 6. 24 for 43 6 t r a f f i c run sin 1 969. A ga in, t he 
cor'relation is low for these groups of trucks that have random values 
of GVW. 
Consider now the plots of strain range versus ~2 shown for 
four G"W subsets in Fig. 6.16, introduced previously, and Figs. 6.25 and 
6.26. From the results presented in Fig. 6.16, there is an obvious 
inverse relationship between strain range and 52 when the effect of GVW 
is isoiated. Also, as predicted above, the data shows a higher negative 
correlation for the heavy trucks (-0.79) than for the 1 ight trucks (-0.58). 
The correlation for group A is high considering that beam 5 results are 
significantly influenced by vehicle transverse position. 
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Similar data plotted versusS2 is pre~ented in Figs~ 6.25 and' 
6.26 for beam 4 at Shaffer Creek Bridge in 1968 for'trucks weighing 
between 65 and 70 kips and 70 and 75 kips, respectively. The coefficients 
of correlation of -0.93 and -0.88 indicate a strong relationship between 
S2 and maximum, strain range for these heavy· vehicles. 'However, the 
comnent made above about the inevitability of high correlations when the 
data points fall in two clusters applies here as well. The groups of 
trucks included in the plot versus S2 (Fig~ 6.25) is about the same as' 
the group of trucks in the plot versus length (Fig. 6.22), and the 
correlation of -0.93 with S2 is slightly 'higher than,the correlation 
of -0.91 wi t'h tota 1 length. A mores i gn if icant i nd'i cat i on of the 
different effects of length and S2 may be seen"n the slopes o~the 
r~gression lines for these two sets of data, -3~37 and -4.76 for length 
and ~2' respectively. This suggests that the maximum strain,range is 
more sensitive to S2 than'to vehicle length." 
6.6 Effect of Vehicle SReed 
Studies have shown that the dynamic response of the bridge 
depends in part on the vehicle speed. Vehicle speed occurs explicitly 
in certain theoretical formulations in the nondimensiona1 form 
Ci = , (6.5) 
where ct is a speed parameter, v is the truck speed, Tb is the func;famental 
period of the bridge, and L is the span length (or the length of the 
center span for a three~span bridge). Theoretical mo~el~ of single-span 
bridges (2) and three-span continuous bridges (1) have established the 
variation of the maximum,bridge response, or amplification factor, 
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with the speed' parameter. The plots of amplification factors for 
deflection and, moment versus the speed parameter are undulating in 
natur"e; the envelopes 'of these curves increase a'sthe spee.d parameter 
increases. Theoretical studies of a three-span cOfltinfJous .. beam loaded 
by a two-axle vehicle with realistic levels ofinitialoscillat·ion show 
that the maximum ampl ification factors for moment ~t midspan of. the 
center ~pan are on the order of 1.3 for the practtcal range of the 
bridge-vehicle system parameters. (3). 
FHWA test t ruck runs may be used to study the effect of the 
speed parameter. Using data from the Salt Fork River Bridge, plots of 
maximum dynamic deflection versus the speed parameter are shown in Fig. 
6.27; these·curves are for deflections at .section Bwith .the FHWA test 
truck·travel ing eastbound in la.1e 2. The data for each beam is' normal ized 
with respect to its.corresponding maximum crawl d~flection, t;husthese, 
curves are amplification factors for deflection. The range of the speed 
pa rameter rep resent struck speeds from c raw I to 60 mph. The cu rves ha ve 
undulations but in general increase with increasing values of the speed 
parameter. Almost without exception, all beams show relative maximum and 
minimum values of amplification factors at the same values of the speed 
parameter. The maximum amplification factor for the heavily loaded beams 
(2, 3, and 4) is 1.35 for beam 4'at about a = 0.08, but most of the peaks 
for these beams are between 1.15 and 1.25 for a greater than 0.06. The 
ampl ificatio~ factors for be~ms 1 and 5 are unusually high because these 
are lightly loaded beams. 
The ampl ification factors for Inaximum bottom flange strain 
plotted versus the speed parameter are shown in Fig. 6.28.' These straIns 
are for section 8 with the FHWA 'test truck travel irig eastbound in lane 3, 
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thus beams 4 and 5 are heavf1y10aded. These curves also have undulations 
and p6sitive1y sloped enve16pes. Relative miximum and minimum values of 
amplification factors occur at generally the same values of the speed 
parameter at which the maxima and minima occurred in the deflection 
amplification factors. The maximum ampl j.fication _factors for the heavily 
loaded beams are. on the orde r of 1 .. 20. 
These test results agree qual itatively wi.th the theoretical 
predict.ions;but, it· is difficult to predict the values of. the speed 
parameter at which relative maxima -and minima wi 11 occur. The thedr~tical 
models are sensitive to the value of natural bridge frequency which may 
charge as the trucks cross the bridge. Also, the effect of speed is 
influenced by vehicle initial condftions. 
It is seen that the speed parameter has a campI icated effect on 
maximum brid~e response. The amplification factors vary markedly over a 
small range of speeds even when other bridge-vehicle system parameters 
are held constant. Thus it will be difficult to draw any relations between 
speed and maximum strain range using- the traffic data. For example, bottom 
flange strain range at section A of Shaffer Creek Bridge plotted versus 
vehicle speed is shown for beam 4 in Fig. 6.29 for 210 traffic runs in 
1968 and for beam 5 in Fig. 6.30 for 436 traffic runs in 1969. This data 
sho\vs that speed alone is not a major factor influencing the maximum 
strain range. The correlation coefficients, -0.59 for 1968 and -0.53 for 
1969, indicate a slight linear relationship between speed and response, 
but these relationships are a result of the previously discussed casual 
dependence of speed on GVW. 
The traffic vehicle speeds are distributed over a fairly narrow 
range. Consequently, no subsets have a good distribution of speed and it 
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is not possible to evaluate the effect of this parameter for the 
traffic runs. Speed plotted '/ersus maximum strain range (beam 4 of 
Shaffer Creek Bridge) is shown in Fig. 6.31 for ·two subsets formed by 
GVW and S2 from the 1969 traffic runs. This subgrouping isolates the 
effect of GVW, the static effect of length, and the dynamic effect of, 
axle,spacing; the influence of transverse position is also minimized oy 
using beam 4 data. With thes~ restrictions oM critical parameters, the 
data points plot in very small clusters for each subset. No conclusions 
can be drawn concerning the effect of speed from this data. 
6.7 Multiple Regression Analyses 
The subgrouping method used in the linear regression studies 
described above is of 1 imited value for studying three or more variables 
when there is poor distribution of the variables within the·subsets. 
An .alternate is to ~se a multiple regression analysis. In this case the 
regression equation takes the form: 
,( 6 .. 6) 
where V, Xl' and X2 are the variables, m1 and m2 are the slopes of the 
lines formed by the intersections of the plane of best fit and the planes 
X2 = 0 a~d Xl = 0, respectively, and b is the Y-axis intercept. Note Xl 
and X2 need not be independent. 
Multiple regression analyses of strain range versus GVW and 
spacing 52 have been ma~e; these two variables are used since they have 
the greatest influence on the maximum bridge response. The analyses are 
made for all traffic trucks without regard to speed. For this application, 
Eq. (6.6) is written 
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(6.7) 
where €R is the strain range in ~in./in.~ W is the GVW in kips, and L is 
spacing 52 in feet. The results are given below., 
Numbe r' 
m1 ' m2 b of poi nts Beam -
1968 ,1969 1968 1969 1968 1969 1968 1969 
4 217 435 2. 17 2.06 -2.26 -'1 . 12 81.03 42.03 
.. 
5 224 434 2.61 2.28 -2.94 -1 .38 101 .69 59.93 
.-
. These mul~tp1e regression results aBree quali~ative1y with the linear 
re.~ress!on analyses made for GVW and spacing. 52 individually. The multiple 
regression analyses show that,_.in general" the strain range increases with 
,GVW and decreases with spacing 52~ Quantitatively, the ~oefficients of W 
are cJose to those ca1~ulated in the regression analyses for GVW alone; 
the coefficients of L do not shO\N such close agreement. For examp.le, the 
m1's for both beams (1969 data) are nearly identical to the slopes of the 
regression lines for strain range versus GVW which are 2.05 and 2.27, 
respectively, for beams 4 and 5. The values of m2 for both beams (both 
years) are 10~"er than the slopes of the regression lines from 'preVious 
results which are on the order of -].0 to ·-4~0. However, these slopes 
were for groups of heavy vehicles, and, as was discuss~d t~ section 6.5, 
the dependence of str~in range on 52 is strong~r for heavy trucks. Thus 
. . 
a linear multiple regression model will not fit the data with respect to 
52' and the ~2 values represent some average axle s~acing effect over the 
entire GVW range. 
The accuracy with which th~ ~lane fits~the 'data can be measured 
by the deviation which is calculated from the sum of the squares of the 
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errors from the regression plane. The deviations for the above mUltiple 
regression analyses are given below; also shown (in 'parenthesis) is the 
deviation of the data from the regression 1 ine 'of strain range versus 
GVW only. 
Deviation , (\..d n . / in. ) 
Beam 
1968 196Q 
4 19.5 (23.6) 18.0 (18.1) 
5 26.0 (30.1) 23.8 (23 . 9) 
In 1968, for each bea'm, the deviations from the regression plane are" lower 
than from the regression line. This can be expected s'ihce there is a large 
distribution of S2 in the 1968 traffic group. In the 1969 data the 
deviations for both beams from the regres~ion planes ar~' Mearl~ identical 
to those from the regression lines; this is att'ributed to the narrow 
distribution of S2 in this traffic group. 
6.8 Summary 
The following general conclusions can be drawn from the results 
presented in this chapter : 
,(1) Gross vehicle weight is the most important parameter fnfluencing 
the maximum dynamic bridge response; the static effect of GVW 
is known to be linear, and the test data shows that the maximum 
response Is nearly linearly related to GVW. 
(2) Gr.oss veh~cle weight and length are interrelated in the Series 2 
traffic group due to the high frequency of occurrence of.the 
short, fu1 ly~ loaded 3S-2 dump trucks. Speed is partially 
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dependent on GVW for the groups of trucks in both Serres 2 
and 3. These relationships cause an apparent relationship 
between speed and length in the 5eries 2 data. 
(3) In general, vehicle transverse position has an important 
effect on the response of each beam. However, at the Shaffer 
Creek Bridge vehicles in the regular traffic lane straddle 
beam 4, thus transverse position has a small effect on the 
response of this beam. 
(4) Vehicle length and spacing 52 influence the maximum bridge 
response although to a much lesser extend than GVW. The static 
influence of the load spacing Is evident. _The data shows a 
negative linear relationship between length, (and spacing 52) 
and maximum bridge response. For S2 this correlation is higher 
for the heavier trucks than for the lighter trucks. The dynamic 
effects of length and spacing 52 appear in the traffic data only 
as variation in the maximum bridge response when other parameters 
are constant. 
(5) It is difficult to establish any relationship between speed 
and maximum strain using the experimental traffic data. Much 
like vehicle length and spac}ng 52' variations in vehicle speed 
will account for some dispersion in the data when other factors 
are nearly equal. The theoretically predicted effect of speed 
on the dynamic bridge response was verified qual itatively using 
the FHWA test vehicle data. 
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7. HISTOGRAMS FOR TOTAL AND PARTIAL STRA IN RANGE 
7. 1 Int roduct ion 
Fatigue of structural steels subjected to variable or random 
stress time-histories is under continuing investigation. Research (13, 14) 
has shown that stress range is an important'variableinfluencing the fatigue 
life of rolled or welded beams, based on constant amplitude fatigue tests. 
However, the relationship between constant amplitude tests and stress 
histories characteristic of vehicle loadings is still not clear. Basically, 
the question of which events in a time-history contribute to fatigue damage 
must be resolved. A common assumption used in relating measured stress-
history data to constant amplitude fatigue studies is to equate a single 
maximum stress range event per individual vehicle to a single sinusoid of 
variation in stress applied in the laboratory. The single strain range 
event per vehicle is discussed in section 4.2.7 and illustrated in Fig. 
4.46. An alternate method of counting and interpreting strain cycles that 
considers the partial strain ranges of the time-history has beeh used in 
this study .. This method isalsa discussed in section 4.2.7 and illustrated 
in Fig. 4.46. 
Fatigue life or a measure of cumulative damage due to repeated 
loads should be described as a random variable. -Fatigue is a stochastic 
process even for deterministic stress histories. The description of stress-
histories using mean, variance~ and hypothetical probability density 
function Is an essential step in application of the present research to 
practice. Consequently, separate histograms are presented for ea6h gage 
location with mean, standard deviation, and C.O.v. indicated; a direct 
comparison with probabil ity density functions is possible. However, 
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detai led comparisons and goodness-of-fit tests for likely probabil ity 
density functions are not included. 
The present experimental results can be interpreted for other 
traffic conditions or extrapolated to other bridges, at least approximately, 
by usin~ certain simple theoretical analyses and an understanding of the 
bridge behavior. In this chapter·histograms of measured maximum positive 
strain are compared to histograms of maximum static moment calculated 
using static beam theory and the characteristics of the test vehicles to 
Illustrate the potential of a simplified method of analysis. 
7.2 Hfstograms for Strain Range 
7.2.1 Shaffer Creek Bridge. Histograms for' bottom flange strain 
range at section A for the heavy truck traffi~at Shaffer Creek Bridge in 
1968 and 1969 are shown in Figs. 7.1 to 7.9. In both years beam 5 has the 
highest strain ranges. In 1968 the probabil ity that the strain range is 
greater than 250 ~in./in. is approximately 0.10 and the extreme value 
recorded is about 300 ~in./tn. In 1969 the probability of exceeding 250 
~in./in. is about 0.04 and the extreme value recorded is about 275 ~in./in. 
6 . . . ' , 
For steel (E = 30xlO ), these correspond, respectively, to stress ranges of 
7500 and 9000 psi. Finally, for beam 5 the probabilities that strain ranges 
are greater than '100 ~in./in. (3000 psi), levels felt to be of significance 
for fatigue, are 0.55 and 0.52 for 1968 and 1969, respectively. 
The shapes of the histograms for the heavily loaded beams, 4 arid 
5, are similar to the shapes of the histograms of GVWfor the respective 
years. The strain range histogram peaks which correspond to fully loaded 
and empty trucks are more pronounced in the 1968 data; this is due to the 
larger strain ranges caused by the many 3S-2 dump trucks in the 1968 
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traffic and is consistent with the results presented in Chapter 6. 
The mean, standard deviation, and C.O.v. for the data presented in 
these histograms are given in the table below .. 
Strain Range Statistics, 1968 Strain Range Statistics, 1969 
Beam Standa rd Standa rd ,'~ Mean -,', Mean N" ~in./in. Deviation C.o.v. N' . j.1in.lin. Dev i at ion C.O.v. 
uin./in. \..Lin;(in. 
1 236 26.4 12.3 0.46 - - - -
2 230 41 .8 21.6 0.52 539 45 ~ 9 22.4 0.49 
3 239 79.3 43.0 0.54 539 73.7 32.8 0.45 
4 241 110.6 56.6 0.51 541 98.8 I . 45.1 0.46 
5 236 129.0 66.4 0.51 541 I. 11 7.6 51 . 1 . 0.43 
-"'"N = Numb e r of event s 
Comparing the tabulated results for variance of the strain range 
with the variance of the gross vehicle weight suggests that GVW dominates 
the variability of the resulting strains. Specifically, the coefficients 
of variation for GW for 1968 and 1969 are 0.51 and 0.45, respectively. 
These coefficients of variation are close to those seen fo~ corresponding 
strain statistics. Although a more elabora~e analysis would be possible, 
the strong indication is of the expected dominance of the gross vehicle 
weight. 
The mean values of strain range for the various beams are not 
uniformly distributed with respect to the transverse location of the beam. 
The mean strain ranges for each beam for each year can be compared 
conveniently by normalizing the data with respect to beam 5. The 
normalized values plotted versus transverse beam location are shown 
in Fig. 7.10. Also shown in Fig. 7.10 are comparable static data for 
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a single typical 35-2 vehicle from the 1968 traffic group. The relative 
transverse distribution of the mean strain range to the beams is about 
the same for each year, particularly for the heavily loaded beams (3,4, 
and 5). The shape of this distribution is simi lar to the results for a 
typical 35-2 truck. 
In addition, for each year the mean strain range for any beam 
expressed as a percent of the sum of the mean strain ranges for all beams 
is nearly identical to the mean of the percents of the total bottom flange 
strain carried by the same beam for individual runs. The later percentages 
were presented in Table 6.11 and discussed in section 6.3. This data is 
compared in the table below; P is the percent based on the mean strain 
m 
ranges and P. is the percent based on the individual runs. The data is 
I . . . 
for appr·oximately 240 and 540 traffic runs in 1968 and 1969, respectively. 
1968 1969 
Beam 
P. P P. P 
I m I m 
1 5.5 6.8 - -
2 9.8 10.8 11 .3 12.9 
3 20.7 20.5 20'~5 20.7 
4 29.8 28.5 29.0 27.8 
5 34.2 33.2 33.7. 33.0 
~----~------~------~----~-------
The results are v~ry consistent, year to year by both methods, even though 
they differ in mathematical definition and, in fact, one analysis is 
performed with maximum strain range and the other with maximum positive 
strain. For Shaffer Creek Bridge the maximum negative strains are small 
and maximum positive strain accounts for most of the maximum strain range. 
l02 
7.2.2 C.B. & Q. Bridge. Histograms for strain range for· 
selected beams and tross-sections in the C.B. & Q. Bridge are shown in 
Figs. 7.11 to 7.19 for about 1500 traffic vehic·les. In brief, this data 
shows that beam 2 carries the highest percent of the load, and that· beams 
1 and 3 carry a significant portion of the load. This can be predicted 
from the positions of the· wheel loads for trucks in the normal traffic 
·lane and the stiffness of the beams relative to the slab· (H). 
The mean, standard deviation, and C.o.v. for ~he hist6grams of 
bottom flange strain ranges for beams 1 to 4 at sections A and Bare 
shown below. 
Section A Section B ... 
Beam Standa rd Standa rd 
Mean Deviation c.o.v. Mean Deviation c.o.v. 
(~.d n . / i n ~ ) (\.L in. / in. ) (!--L in ./ in .) (!--Lin./in.) 
1 51 .5 18.6 0.36 (not measured) 
2 60~0 20.8 0.35 76.4 27.8 0.36 
3 48.·5 16.5 0.34 64.8 24.1 0.37 
4 (not measured) 25.5 13 .3 0.52 
Beam 2 has the highest mean strain range at both sections, and 
beams and 3 have nearly equal mean strain ranges at section A. Beam 4 
carries a smaller percentage of the load for these test runs which are 
mostly in the regular traffic lane. In general, the strain ranges at 
section B (th~ 0.42 point of the side span) are larger than the strain 
ranges at section A (center of the center span); this is a consequence of 
the geometry of the bridge and is predictable on the basis of maximum 
. . 
static response. The histogram for bottom flange strain range on beam 2 
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at section B (see Fig. 7.11) shows that the probability·of the.strain 
range being greater than 125 ~in./in. (3800 psi) is 0.03 and the extreme 
va lue is 185 ~in./jn. (5600 psi). 
The shapes of the histograms f or bottom flange st ra in range for 
beams 1, '2, and 3 at both sections A andB are similar to the shape of 
the his tog ram for GVW ( see F j. g. . 5 .3 I ), but the c ~ 0 . v. for t he s e . s t raj n 
range histograms do not exceed the C.O.v. of the GVW histogram as in 
Series 1 and 2. Beams 1, 2, and 3 have a c.o.v. of about 0.35 which is 
sl ightly less: than the C.O,V. of the GVW data which is approximately 0.41. 
A histogram for top flange strain range on beam 2 at section A 
is shown in Fig. 7,.17. The mean strain range is 22.7 ~in./in. which is 
considerably less than the mean boftomflangestrain range of 60.0 !-L in ./ in • 
at the same location. This behavior indicates a large amount of. partial 
. composite action. The c.o.v. for the· top. flange data. is 0.38 which is 
again close to the c.o.v. of the GVW data of 0.41. 
A histogram for bottom flange strain range at a cover plate 
cutoff point on beam 3 (section C)' is shown in 'Fig. 7.18. The extreme 
value of this histogram is about 100 !-Lin./in. (3000 psi), but the 
probability of the strain range being greater than about 75 ~in./in. 
(2300 psi) is only 0.05. The shape of this histogram is very simi1ar to 
that of the histogram += "'''' I VI range on the same beam at 
section B. Both sets of data have a coo.v. of about 0.37. A good 
correlation exists between the strain ranges at the two points on the 
beam, a result which is predictable. 
A histogram for strain range for a transverse slab reinforcing 
bar is shown in Fig. 7.19; the bar is located midway between beams 2 and 
3, 5 ft from the south end of the bridge. Review of the shape of a 
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typical reinforcing bar strain time-history, shown in Fig. 4.39, j'S 
useful in interpreting this histogram. It is seen that the maximum 
positive strain is approximately equal to the ~train' range, and there 
are: clearly two significant maxima corre~~onding to the tandems 6f a 
heavy 35-2 truck. Thus, this histogram is quite similar to a histogram 
for maximum ~ositive strain. The number of events represehts the count 
of trucks rather than the count of axles. This histogram does~not reflect 
the bimodal shape. of the axle weight data (see Fig. 5.33)' to the same 
extent that histograms of beam strain reflect the shape of the GVW 
hist6gr~m, because the relnforcing bar strain is very sensitive to both 
vehicle trahsverse position and axle weight. The m~an value is ·about 35 
~in./in.· (1100 psi) and the C.O.v. is 0.42. The probability of the strain 
range being greater than 50~in./jn. (1500 psi) is only 0.16 and the 
extreme value is 80 ~in./in. (2400 psi). The' s'hape 'of the histogram can 
be approximated by a log-normal density function. 
7.2.3 Relationship of Histogram for Measured Strains to 
Predicted Static Strain. The maximum total static moment at any section 
of a continuous bridge is simple to calculate for a given vehicle using 
beam theory and the axle weights and spacings of that vehicle. It is 
useful to compare a histogram of maximum total static moment generated 
in this manner using the characteristics of the test traffic vehicles 
with the histograms of measured strains for the same group of vehicles. 
To accomplish this the maximum moment at various sections of the Shaffer 
Creek and C.B. & Q. bridges was calculated for forces representing each 
traffic vehicle ·in test Series 3 and 4. These total moments are converted 
to bottom flange strain for a given beam in the bridge cross section by 
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specifying the percent of the total static moment that is carried by 
bending in all beams (as opposed to that carried by bending of the slab), 
the percent of this total beam'moment carried by the given beam, and the 
amount of composite action. 
A histogram for maximum static moment calculated using a two-
span continuous beam model of Shaffer Creek Bridge 'is shown in Fig. 7.20 
for 523 regular traffic vehicles in 1969. The shape of this histogram is 
similar to that of th'e histogram for GVW (see Fig. 5026); both reflect the 
influence of the ful ly loaded and empty 3S-2 type trucks. The c.o.v. for 
the ~tatic prediction~ is 0.40 which is s1 ightly less than the C.O.v. of 
0.45 for the GVW data. A comparison can be made between this histogram 
. '. . 
for maximum static moment and the mea'sured bridge response u~der traffic 
using the histogram of maximum positive strain for beam 4 which is shown 
, ' 
in ~ig. 7.21. The shapes of these t~o histograms~re similar, but the 
c.o.v. of the experimental strains (0.47) is 'larger t'han the c.o.v. of 
the static moments (0.40); this can be attributed prim~rily to dynamic 
effects. The assumptions made to convert these moments to bottom flange 
strain on beam 4 for direct comparison with the measured strains are: 
(1) 90 percent of the static moment is carried by the beams 
(2) 29 percent of this moment is carried by beam 4 
(3) no composite action 
Assumption (1) is based on evidence from crawl runs with the FHWA test 
vehicle at Shaffer Creek Bridge in 1969 and on theoretical studies by 
Siess and Viest (10); both of these studies show that about 10 percent 
of the load is carried by longitudinal slab bending. Assumption (2) is 
based on the results that are presented in Table 6.11. Assumption (3) 
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is based on:neutral axis studies such as presented in Figs. 4.42 ~nd 
4.43. The resulting equation for bottom flange strain (~in./in.) in 
beam 4 is' 
Mc 9 
€4 = 0.90 x 0.29 x EI x 10 (7. 1 ) 
6 
where M is n19ment in ino-~ips .. Substituting E = 30 x 10 ps i." I = 2987 in.4 
and·c == 12 in." Eq. (7.1) reduces to 
€4 = 0.035M (7.2) 
On the basis of Eq. (7.2) the average maXimum static iT.oment of 206S in.-kips 
converts to a bottom flange strain on beam 4 of 72 ~in./in.; this is smaller 
than the mean of the measured maximum positive strains" 83.6 ~in./in. The 
difference is about 16 percent" and if attributed to dynamic effects" yields 
an average amplification factor for strain of 1.16. This is consistent with 
approximations based on theoretical results from one and three-span beam 
dynamic re~ponse studies (2" 3). 
Similarly" histograms for computed maximum static moments at 
sections A and B of the C.B. & Q.Bridge are shown in Figs. 7022 and 7.23. 
The maximum moments are calculated using a t~ree~span continuou~ beam model 
with static forces that represent the axle weights and spaciOgs of each of 
the 1488 vehicles that were measured during test Series 4. These histograms 
for maximum moment are similar in shape to the GVW histograms for the 
corresponding group of trucks. The C.o.v. for each of the moment histograms 
(0.36 and 0.35 for sections A and B" respectively) is slightly less than 
the C.O.Vo of the corresponding GVW data (0.41). The mean of the 'histograms 
for maximum moments at sections A and Bare 3890 and 2890 ino-kips" 
respectively; the top and bottom cover plates on the beams at section A 
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account for the lower measured strains at section A even though the 
moments are larger. 
These moment histograms can be compared to the histograms for 
measured maximum positive strain on beam 2 at sections A and B which are 
shown in Figs~ 7.24 and 7.250 The shape of each histogram for maximum 
positive strain is similar to that of the corresponding histogram for 
max i mum moment. 
As before, the moments are converted to bottom flange strain in 
beam 2 so that a direct comparison of strain levels can be made. The· 
assumptions made for conversion are: 
(1) 90 percent of the static moment is carried by the beams 
(2) 32 percent of this mome nti s carried by beam 2 
(3) partial composite action behavior with the neutral axis located 
I 
27 ino above the lower surface of the bottom flange 
Assumption (1) is the same as before, and assumptions (2) and (3) are 
based on experimentally determine~ bridge behavior discussed previously. 
The resulting theoretical values of the mean static strain for beam 2 at 
sections A and B are compared to the means of the measured strains in 
the table belowo 
Mea n St ra ins (~in./in.) 
Section Dynamic Expe r i menta 1 Theoretical Static 
(Dynami c) (Static). 
A 50.0 47.1 L06 
B 57.9 45.2 1. 21 
J08 
Aga·j n, these res ul ts can be· interpreted as mean i ng that the average 
amplification factors for strain at sections A and Bare 1.06 and 1.21, 
respectively. These values are within the range' of amplification factors 
for moment at these sections of a three-span continuous beam.reported by 
Nieto (3). Theory also indicates that the amplification factors for 
moment are larger for the ·s ide span than for the center of the center 
span; this is consistent with the above data. 
The theoretical static strains and aver~ge amplification factors 
which are derived are sensitive to the assumptions listed abovej and 
should be interpreted accordingly. The results demonstrate the potential 
for predicting histograms of strain from vehicle axle weights and spacings 
measured in traffic surveys and bridge behavior characteristics using 
simp lea na 1 y tic a 1 mod e 1 s . 
The nomenclature and physical interpretat~on of partial strain 
range was discussed in section 4.2.70 The study of partial strain ranges 
is introduced here to demonstrate an alternative method for characterizing 
a strain time-history other than by a single strain range event per vehicle. 
It will be seen that this alternative interpretation of strain events 
produces a significantly different histogram. It remains to be determined 
from variable range fatigue studies whether the concept of partial strain 
range will be useful in defining fatigue damage. 
In order to avoid counting excessive numbers of very smali 
partial ranges and have these counts influence to an excessive degree the 
shape of the histogram; certain tolerance levels are specified in the 
counting process. For all of the partial strain range data presented in 
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this chapter, no peaks or valleys were counted with an absolute value 
less than 10 ~in./in.; no peaks were counted unless they were at least 
20 ~in./in. greater than the previous valley, and no valley was counted 
unless it was at least 20 ~in./in. less than the previous peako 
7.3.1 Shaffer Creek Bridge. Histograms for partial strain 
ranges at bottom flange locations. in beams 4 and 5 of Shaffer Creek Bridge 
are shown in Figs. 7.26 to 7.29; this data is for the regular traffic runs 
in 1968 and 1969. Beams 4 and 5 are chosen because they are the most 
heavily loaded. Statistics for these data sets are summarized below. 
Total Strain Ranges Partial Strain Ranges Np Meanp 
Beam- Year 
NT MeanT C.O.v. Np Meanp C.O.Vo NT MeanT 
4 1968 , 241 110.6 0.51 1985 5603 0.73 802 0.51 
5 1968 236 129.0 0.51 1839 65.4 0.79 708 0.51 
.' 
I 
... 
.. "~' __ ""'M'_'.' •• _._._ •• __ ••• _ •• __ ._ ... _ . 
_ .._-
--S4'r-' ··--98~8--- -· .. 0:-1+6----4 1969 ---2-22"8······ .. ·· "7J:-8-- -0':'53---" ---4-:-'1'" ···-0:75--···· 
5 1969 541 117.6 0.43 2774 72.9 0.61 4.2 0.62 
As expected, there are more partial strain range events than total strain 
range events; the ratio of the number of partial strain range events to 
the numberof total strain range events is about 8 for the 1968 data and 
about 4 for the 1969 data. The larger ratios for the 1968 data are 
caused primarily by including more free vibration oscillations after the 
trucks leave the bridge. This is also evident from the ratios of mean 
total strain range to mean partial strain range which are given in the 
table above; this ratio is lower for the 1968 data than for the 1969 data. 
There are many more low level partial strain ranges included in the 
1968 counts. 
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The shape of the histograms for the partial strain range, 
a s we 1 1 - as the to ta 1 co un t s, a re d iff ere n t from t h os e for tot a 1 s t r a i n 
range. The histograms of partial strain range are dominated by the large 
number of counts below 100 ~in./in., and these histograms do not resemble 
the GVW histograms as do those for total strain range. The shape of these 
histograms for partial strain ranges can be approximated by a log-normal 
density function. An example of this is shown in Fig. 7.28 for beam 4 at 
Shaffer Creek Bridge in 1969. 
St ra in ranges above about 1 00 ~i n.1 i n. (3000 ps i) may be 
considered significant in contributing to fatigue failure in structural 
steel. Thus, it is useful to compare the counts of total and part.ial 
strain ranges that exceed 100 ~in./in. for the same group of time-histories. 
This comparison is presented in the table below for beams 4 and 5 for both 
years at the Shaffer Creek Bridge. 
I Counts > 100 !-Lin./in. Partial Beam- Year Total Total Partial 
4 1968 105 223 2. 1 
5 1968 130 282 2.2 
4 1969 226 576 2.6 
5 1969 282 651 2.3 
In general, counting partiai strain ranges recognizes over twice the number 
of strain events greater than 100 ~in./jn. as does counting total strain 
ranges. Thus, even though the small events greatly influence the shape of 
the partial strain range histograms, there is still a significant increase 
in the number of strain events with a range greater than 100 ~in./in. 
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compared to the counts of total strain range. 
7.3.2 C.Bo & Q. Bridge 
Histograms for partial strain ranges at bottom flange locations 
in beams 2 and 3 at section B of the C.B. & Q. Bridge are shown in Figs. 
7.30 and 7.31: this data is for approximately 1500 regular traffic runs. 
As before, these histograms are dominated by strain ranges less than 100 
~in./in. and they do not reflect the bimodal shape characteristic of the 
GVW histogram. Statistics for these sets of data are given below. 
Total Strain Ranges Pa rt i a 1 Strain Ranges Np Meanp 
Beam I Mean I I Mean I N . Np ... lA..;. __ T I-J.in./.in •. c.o.v. !-Lin./in. c.o.v. I'4T rtt:::ClIIT 
2 1546 76.4 . o. 36 5616 64.1 0.40 3.6 0.84 
3 1462 64.8 0.37 4867 57.0 0.38 3.3 0.88 
As i nth e S e r i e s 3 d a t a, the rea r e mo rep art i a 1 s t raj n range eve n t s t han 
total strain range events; for this bridge the ratio is about 3.5. The 
ratios of mean partial strain ranges to mean total strain range is on the 
order of 0.85 for both beams. These ratios are higher than for either 
year at Shaffer Creek Bridge, and they are primarily the result of the 
relatively low mean values of total strain range. 
Finally, the number of events exceeding 100 !-Lin./in. are given 
in the table below for counts of total strain ranges and partial strain 
\ 
ranges for the same group of time-histories. 
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Counts > 100 !-Lin,/in. Pa rt ia 1 Beam I Total Total Partial 
2 364 603 1.7 
3 110 169 1.5 
Counting partial strain ranges identifies about 60 percent more events 
exceeding 100 !-Lin./in. than does counting total strain ranges; thus, 
again there is a significant different in the number of recognized 
event~ greater than 100 !-Lin./in. between the two counting methods~ 
It is reemphasized that these partial strain ranges are 
presented to demonstrate an alternative way of viewing the events in 
a strain time-history. 
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8. SUMMARY AND CONCLUSIONS 
8. 1 Gene ra 1 
The dynamic response of three continuous highway bridges 
subjected to both standard test vehicle and traffic loadings has been 
investigated. Comprehensive studies of bridge response under traffic 
loadings were made using data from over 2700 heavy traffic crossings; 
deterministic studies of bridge behavior were made using data from some 
130 test runs wi th the FHWA vehic Ie. The experimenta 1 data cOns i sts of 
the vehicle characteristics and sets of bridge strain and deflection 
records for each truck crossing describing the time-history of response 
at selected locations on the bridge. Computer softwar~ has been developed 
to allow highly automated recording, reduction, and analysis of the data. 
Respons~-historres for each vehicle crossing are retained. as permanent 
records in computer-based disk or tape files. 
8.2 Behavior of Test Bridges 
Static Tests. The static response of the Salt Fork River and 
Shaffer Creek Bridges was evaluated using data from the FHWA test vehicle 
crawl runs. 
(1)· Typical crawl curves resemble familiar beam influence lines, 
but the specific shape is dependent on axle weights and spacings 
and vehicle transverse position. The crawl curves are useful in 
understanding the dynamic histories and in interpretations of 
. the data for fatigue. 
(2) The maximum static strains and deflections (Tables 4.1 and 4.2) 
are consistent with theoretical predictions assuming partial 
] 14 
com po sit e act ion. For the S a' 1 t , For k R i ve r B rid g e, t he rna x i mum 
midspan strain was 130 ~in./in. (3900 psi), the maximum tensile 
stress at the cover plate cutoff points considered was less 
than 1000 psi, and the maximum deflection was about 0.4 in. 
For the Shaffer Creek Bridge, the maximum midspan strain was 
132 f.Lin./in. (4000 psi) and the maximum deflection was 0.3 in. 
(3) The moments induced are carried more uniformly by the beams in 
The Shaffer Creek Bridge than in the Salt Fork River Bridge; 
this is consistent with theoretical predictions considering the 
- - -.- - ---
relative stiffness of the beams to the slab. The sum of the 
maximum bottom flange strains at a given cross ·section is nearly 
constant, regardless of the vehicle transverse position; this is 
cross section with transverse vehicle position. 
(4) Data can be combined to assess the effect of a second vehicle 
on the maximum bridge response o For the case of adjacent vehicles, 
maximum static strains increase by less than 50 percent for the 
Salt Fork River Bridge and by less than 15 percent for the Shaffer 
Creek Bridge. 
(5) The position of the neutral axis for the main beams is variable 
and indicates there is partial composite action even though 
ne"ither bridge has shear connectors. The amount of partial 
composite action var1es with longitudinal truck position. The 
live load neutral axis is close to the top flange for the low 
strain levels in the response histories but near the beam 
centroid for high strains. This variation may be accounted 
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for by slip of the deck slab relative to the top flange of the beams. 
Dynamic Tests. A deterministic study of the dynamic behavior 
of the Salt Fork River and Shaffer Creek Bridges was made using primarily 
data from the FHWA test vehicle. Speed and transverse position were the 
primary controlled variables. The data for several regular traffic runs 
is presented for comparison. Observed characteristics of the dynamic 
response include: 
(1) The hypothetical time-history of dynamic increment, estimated 
Jeom_th(;;! e1<pe_rtmenJal d~_ta)y sub~rac~ing an appropriate crawl 
curve from the dynamic time-history, is use~ul in characterizing 
the dynamic response6 Response components with the fundamental 
__ ~~~~ral frequency of the bridge and of the vehicle are seen to 
be presento The specific shape of the dynamic increment depends 
on the many parameters of the bridge-vehicle,systemd 
(2) The spectrum of coefficients of a Fourier series representation 
of the time histories was used to describe the frequency content 
of the dynamic response o Spectrum peaks at low frequencies 
correspond to the static component of bridge response and those 
at higher frequencies represent the natural frequency of the 
bridge or of the vehicle. 
(3) The measured natural frequencies for each bridge are bracketed 
by the theoretical values (beam theory) based on zero and fuli 
composite action. The measured values are close to the 
theoretical values for full composite action; however, when 
the vehicle is on the bridge, frequencies may be near the 
noncomposite theoretical values. 
1 16 
(4) The dynamic response of these bridges is similar to their 
respective crawl response in terms of both the general shape 
of the time-histories and the lateral' distribution of maximum 
strains and deflectionso The beams in both bridges vibrate 
in phase for the duration of the vehicle crossing. 
(S) Strains induced· in the deck slab transverse reinforcing bars 
were studied. Peak strains corresponding to each of the three 
axles of the FHWA test truck and the five axles of the typical 
35-2 truck were detectedo Maximum strains for the FHWA test 
vehicle are about SOO ~in./ino (lS,OOO psi) for the Salt Fork 
River Bridge. At Shaffer Creek a typical heavy 35-2 truck 
prod:Jced max imum st ra i ns of about 70 ~ i n.1 in. (2100 ps i) . In 
the latter case the transverse position of the wheel loads did 
not represent a maximum loading condition, the wheel loads were 
sma 11·e r, and the span between beams was less, for the same 
depth of slabo 
(6) Dynamic strain and deflection histories for typical heavy traffic 
vehicles at the Shaffer Creek Bridge are presentedo Comparing 
response due to trucks weighing slightly over 70 kips, the 
influence of the typical 35-2 truck is about the same as that 
of the FHWA test truck; in this case the maximum bottom flange 
beam strain (in beam S) is about 190 !-Lin./in. (S700 psi). The 
short 35-2 gravel truck typically caused higher strains than 
either the FHWA test vehicle or the typical 35-2 truck, i.e., 
strains in beam S as large as 240 !-Lin./in. (7200 psi). 
(7) The location of the neutral axis was studied under dynamic as 
well as static conditions. For the Salt Fork River and Shaffer 
11 7 
Creek Bridges, the neutral axis is near the theoretical 
composite location as the truck enters the bridge but shifts 
to near the noncomposite location in the region of maximum 
strain. For the C.B. & Q. Bridge the"live load top" flange 
strains are very low, thus computations based on the measured 
strains are not as reliable. However, the same pattern of 
variation is observed as in the other bridges. 
"(8) A near linear relationship between maximum strain and deflection 
at a given location on the bridge beams is observed; the 
coefficient of correlation for 540 traffic vehicle crossings 
c ross i ng sin 5 e r i e 5 3 i 5 O. 98 . 
8~3 Characteristics of Heavy Truck Traffic 
The heavy trucks in the normal traffic that crossed each bridge 
during the tests are described in Chapter 5. Gross vehicle weight (GVW), 
axle weights, axle spacings, truck length, speed, and transverse position 
were measured. Histograms are used to define the"ir distributions and the 
mean value and coefficient of variation (coo.v.) are the primary statistical 
descriptors. Significant results are summarized as fol lows: 
(1) Axle~. The data for each test Series is dominated by the 
3S-2 and 2S-2 axle types. In Series 2 and 4 these axle types 
accounted for about 80 percent of the trucks with the 3S-2 trucks 
alone totaling 70 percent. These percentages were slightly 
lower in Series 3. 
(2) Gross Vehicle Weight. The histograms of GVW are characterized 
by a bimodal shape attributed to the more frequent occurrence 
of either fully loaded or empty 3S-2 and 2S-2 trucks; the 3S-2 
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trucks weigh about 25 kips empty and 70 kips fully loaded. 
The mean values of GVW for the 35-2 trucks for Series 3 and 4 
were 44.6 and 51.2 kips, with c.o.v. of 0.33 .and 0.41, 
respectively. 
(3) Axl~ Weight. The weight of axle A for the 35-2 trucks is 
nearly constant 'with a mean andc.o.v. of about 8.5 kips and 
0.2, respectively. The weight of axles B, C, 0, and 0 for the. 
3S~2 trucks depend on the cargo load and these histograms are 
also bimodal. The average weight for these axles is about 10 
. kips with a c.o.v. of about 0.4, and in the extremes these 
axles weigh about 5 kips empty and 15 kips fully loaded. 
(4) Axle Spacing and Length. For 35-2 trucks, only axle spacing 
c-o has an appreciable variation. It is about 27 ft for the 
typical 35-2 and about 15 ft for the 35-2 dump trucks. Spacing 
A-B varies over a narrow range with a mean of about 11 ft; and 
spacings B-C and O-E are nearly constant at 4.5 ft. As a result, 
the distribution of vehicle length (shape an~ standard deviation) 
is similar to that of spacing c-o. The length of a typical 35-2 
truck is about 46 ft and that of a short 35-2 dump truck is 
about 30 ft. 
(5) Speed. The distribution of vehicle speed for each test Series 
can be approximated by a Normal density function; the mean 
speeds for Series 2,3, and 4are 51.9, 53.2, and 54.8 mph, 
respectively. 
(6) Transverse position. The location of the path of travel of the 
vehicle relative to the center of the traffic lane in Series 2 
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was found to be represented by a Normal density function. 
The mean position is o. 1 ft south of the lane center line 
and the corresponding standard deviation is about 0.7 ft. 
Some of the parameters which are presented as random variables 
are nearly constant due to standardization in the manufacture of trucks. 
Vehicle stiffness, frequency, and damping also influence the dynamic 
bridge response but could not be measured in this study. 
8.4 Influence of Vehicle Characteristics on Maximum 3ridge Response 
The correlations between maximum bridge response and various 
vehicle characteristics have been studied using simplified linear 
regression models of the bridge-vehicle relationships using the data 
from the traffic runs in Series 2 and 3. These studies consider the 
i n flu e n c e of GVW, 1 eng t h , s pa c i n g S 2' s pe ed, and t ran s v e r s e po sit ion 
on the maximum bridge response. 
The dominating influence of GVW on the static response of 
bridges is well established and was further substantiated by the data. 
A major variable which influences the scatter about the strain range vs. 
G\lw regression line is the vehicle transverse position on the bridge. 
The response of beam 4 was seen to be relatively insensitive to the small 
variations in vehicle transverse position because it is near the center 
line of the truck's path of travel. Vehicle length is seen to have the 
expected effect on static maximum response and accounts for a predictable, 
portion of the scatter. Vehicle speed, although a major variable in 
theoretical formulations, was difficult to study because of the narrow 
range of traffic speedso Vehicle suspension characteristics and vehicle 
initial conditions are significant variables and account for an unknown 
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portion of the scatter. 
The effect of vehicle speed (~peed parameter, a) on the maximum 
bridge response was evaluated ·using the FHWA test vehicle datao The 
amplification factor versus a curves are, in general, undulating with 
positively sloped envelopes as predicted by theory. However, due to the 
complex interrelation of speed and their parameters, it is difficult to 
predict the values of the speed parameter at which relative IT'.axima and 
min i ma w ill oc cur. 
8.5 Partial.and Total Strain Ranges 
The strain-history data in combination with an approp~iate 
cumulative damage theory, has its application in the prediction of fatigue 
life. Two basic approaches, total strain range and partial strain ranges, 
have been used herein to define significant fatigue events fn a strain 
time-history. The total strain range interpr~tation considers only the 
difference in maximum and minimum strains as the significant fatigue 
related quantity in a given response event. The partial strain range 
interpretation considers each response history as a multi-cycle, variable 
range strain event; in this case any adjacert pairs of relative maxima and 
minima exceeding a speclfied limit define a strain event. The results of 
these counts are described by means of histogra~s, means, and coefficients 
of va ria t ion. 
For the Shaffer Creek Bridge, the mean strain ranges are 111 and 
99 ~in./in. for beam 4, and 129 and 1l81.dn./in. for beam 5 for 1968 and 
1969, respectively. Beam 5 had extreme values of 300 and 275 ~in./in., 
respectively., in the two years. In addition, for beam 5 the probabilities 
of the range exceed'ng 100 ~in./ln., a level felt to be significant in 
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fatigue, are 0 0 55 and 0.52 for 1968 and 1969. The dominating influence 
of GVW is evidenced by the similarity (shape and coo.v.) of the strain 
range and GVW histograms. 
For heavi ly loaded beam 2 of the C.B. & Q. Bridge the mean 
strain range is 76 ~in./in. with an extreme value of 185 ~in./in. 
For a cover plate cutoff point of the C.B. & Q. Bridge the average 
strain range is 48 ~in·./in. with an extreme value of about 100 ~ino/in. 
For a transverse deck slab reinforcing bar the average strain range is 
35 ~in~/in. ; the extreme value is 80 ~in./in. 
The shapes of the partial strain rang~ histograms are dominated 
by lower amplitude events. On the average, four times more partial strain 
ranges are counted than total strain ranges for each set of data, and the 
number of events exceeding 100 ~in./in. increases. The ratio of partial 
strain ranges to total strain ranges exceeding 100 ~in./in. for the 
heavily loaded beams averaged 2.3 at the Shaffer Creek Bridge and 1.6 at 
the C.B. & Q.' Bridge. Thus for both bridges there is an increase in the 
number of strain events with ranges exceeding levels felt to be of 
significance, but conversely, there is also a large increase in low level 
stress cycles reported. 
The partial strain range interpretation is presented to 
demonstrate the difference and potential use of alternative counting 
schemes. Variable range laboratory fatigue testing must ultimately 
def'ine the significant events in the random strain-history. 
8.6 On Predicting Histograms for Maximum Stress 
A model relating maximum static response to GVW has been 
evaluated, and the results demonstrate the potential for the use of 
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simple models in the prediction of stress histories. The maximum moments 
at selected sections of the Shaffer Creek and C.B. & Q. Bridge were 
calculated using static beam theory and sets of forces representing each 
traffic vehicle in test Series 3 and 4. The shape of the predicted 
moment histogram resembles that of the corresponding histogram for GVW; 
however, the c.o.v. 's of the moment data are s1 ightly higher than for the 
GVW data due to the effect of vehicle length. 
The predicted maximum moments were compared to the measured 
maximum positive strains. The c.o.v. of the measured response is slightly 
higher than that of the predicted static response; this difference can be 
primari ly attributed to dynamic effects. The strains in a given beam were 
related to'the predicted total moments by making the appropriate engineering 
assumpt ions related to the distribution of the total moment and the 
effecti ve moment of inertia; eX'perimental data was used to determine these 
values. For the Series J data; the-average static moment y-ielded a strain 
of 72 ~in./in. in beam 4; the ~v~rage measured strain was 83.6 ~in./in. 
The difference, if attributed solely to dynamic effects, results in an 
amplification factor of 1.16, a v~lue that is consistent with theoretical 
predictions. Similar computations for beam 2 result in amplification 
factors of 1.06 and 1.21 for sections A and B of the C.B. & Q. Bridge, 
respectively. These values are within the range of reported theoretical 
dynamic amplifications. 
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8.7 Conc 1 us ions and l:(.ecommendat ions for Imp 1 ernentat i on of Resu 1 ts 
The scope, physfcal arrangements, data acquisition and reduction 
systems, and numerical results and their interpretation have been described 
for Project IHR-85, Dynamic Stresses on Highway Bridges, an investigation 
of stress histories occurring on highway bridges under traffic loadings. 
It should be noted that the interim report on the project,. Ref. 6, 
emphasized the test arrangements, bridges, instrumentation, and developmental 
wor .. k associated with the computer-based acquisition and interpretation 
system. Also included therein was a discussion of selected data to 
introduce the general nature of the bridge response and the truck traffic 
observed in the course of the investigation. An expanded presentation 
and discussion of the results in detail and their interpretation are 
presented herein. 
It should be emphasized that a comprehensive, computer-based 
data acqu is i-ti on) analysis andinterp-retat ion system wa.$ 'c:leve rop~~d~dur fng 
the investigation. Drgitizing of field analog records is controlled using 
logical information added to the record'5 during field testing. ProfJ,lems 
in sor~ing and checking of digitized data prior to loading into magnetic 
tape or disk fi les, ai1d the computer software system with a variety of 
subprograms to perform various manipulations for data analysis and 
interpretation have been described. The development of the entire data 
system comprised a major part of the total research effort. 
A preliminary discussion of certain problems associated with 
the development of a stress history theory was presented in the Interim 
Report (6). Both in the latter and in the work described herein, 
emphasis is placed on the need for probabil istic approach. It is seen 
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that it should be a basic goal of research in this area to seek methods 
to predict expected or mean stress levels associated with the loading 
environment, the corresponding variance (coeffi61ent of variation), and 
a mathematical model or density function to describe the stress histograms. 
The use of a simple static beam model to predict total moments and stresses 
from the measured load data was expored as a means for predicting a 
histogram of expected stresses. 
Implementation of Results. This investigation was not intended 
to provide definitive results regarding the stress history environment 
in highway bridges. The investigation has developed basic information on 
methods and technlques of field testing, a general methodology for the 
data acquisition and interpretation, and a preliminary indication of 
stress histories is to be expected in typical stringer and slab type 
highway bridges. 
Major implementation of these results is seen in the ongoing 
research study, IHR-301, Life Expectancy of Highway Bridges - Stress 
History Studies. The experience and techniques developed in IHR-85 form 
the primary background for the implementation of this ongoing study of 
stress histories. 
The general problem of the prediction of the life expectancy 
of highway bridges subjected to heavy traffic has at least three major 
subdivisions: (1) The collection, analysis and interpretation of data 
on stresses occurring at critical locations in the bridge. (2) The 
investigation of material behavior and the development of cumulative 
damage laws describing fatigue-induced damage and fai lure due to repeated, 
random loadings or stresses. (3) The development of a probabilistic 
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analysfs to describe the nature of traffic loadings and, based an these 
loadings, a predictive technjq~e for the prediction of stresses at 
critical locations (suitable for input to a fatigue damage law). The 
present investigation (IHR-85) and IHR-30l deal with item (1) and to 
some extent with (3), part icularly in IHR-30l. The current ongoing 
research in material behavior and fatigue due to random loadings has 
'dl-awn upon results of research such as described herein for basic data 
on the loads to be used in the laboratory. Thus, it is appropriate to 
note that the present study contributes directly to the national data 
base on stress environment in bridges, and is a direct aid for research 
in th i s a rea a 
A related application which has not yet been implemented but 
which may be investigated in IHR-30l is the question of weighing vehicles 
in motiori. It would appear that a careful analysis of the response of 
selected' bridges may yield a sufficiently accurate estimate of gross 
vehicle weight to be useful for at least planning purposes. However, 
it is highly unlikely that such a technique would be sufficiently accurate 
so as t6 be useful for enforcement of the State vehicle weight laws. 
Recommendations 
Fran the experience gained in the present study, several 
additional recommendations can be drawn. In general, these are related 
to the specifics of the field investigation of 'stress histories and 
their interpretation. 
(1) There is a need for an ongoing collection of data on the stress 
history environment which will encompass a far larger number of 
vehicles and a greater variety of bridge types. The number of 
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bridges and traffic situations studied to date are by no means 
definitive. 
(2) There is a need for more concentrated "research on the development 
of techniques for predicting stress histories. Some work on 
this problem is being carried out at various institutions, and 
work emphasizing theoretical modeling of the traffic stream has 
been undertaken by various investigators. It would seem possible," 
based on the results of the present study, to blend the more 
theoretical approaches with some elements of the empirical 
approaches suggested herein to give a workable predictive theory. 
This will be explored in the IHR-30l investigation . 
. (3) "There is need "for better instrumentation and measurement 
techniques fOr the characteristics describing the heavy truck 
traffic, particularly for multi-lane use situations. The present 
study relied heavily on visual observations and manual techniques 
which are not suitable for high density traffic locations and 
require scarce technical person1el~" Also, there is particular 
need to find v-Jays to measure i 11ega] ly overloaded vehicles in 
the traffic stream. All measurements of gross vehicle weights 
were made at law enforcement weight stations. There is evidence 
from other observers that there are a num~erof overloaded 
vehicles on the highways which the present study does not 
include. 
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Bridge 
Designation 
*Salt Fork River 
S.B.I. Rt. 10 
Sect. 2-x-8 
Champaign 
County 
StaR 165+23 
*Shaffer Creek 
F .A.I. Rt. 74 
Sec. 81-3B-l 
Stag 594-+68.00 
nCB and Q 
R.R. 
F .A.I. Rt. 80 
Sec. 81-IVB 
Sta. 277 + 11 .45 
-
Tab 1 e 2. 1 Summary of Data on Test Bridges 
Bridge Other Design Test 
Type Girders Deck Information Duration 
3 span- S - 36WFI70 7" t hick R. C • 00 Skew· 6/6/67 to 
Continuous (iil 7
'
-6" 32' -4" out toout; Non-composite 6/20/67 75'-1": Cov. PL. over 8"x40" curbs 
96'-6": interior piers 
75'-1" 10"xl 1/2"x21 '-0", 
Top and Bottom 
2 Span- 9-24 WFIOO 7" thick R.C. 
Continuous 5 @51-6" and 43
'
-8 11 out to 
43'-0": 4 (iil 5'-4" out; 9"x2'-10" 
Longitudinal separation South Curb; 43'··0" (joint) between 9Ixl'_IO" 
groups of 4 and 5 beams North Curb 
3 Span- 5-36wF 150 7" thick R. C. 
Continuous (iil 8'_0" 36'-0" out to 
50' .. 6": Cov. PIs. over interior out, 9 I x3
'
O" 
76'-3": piers curbs. 
50
'
-6" 10 1/2Ixl/2"xI4'-0", 
Cov. PIs. center 
of center span 
I 01lx3/811x35' -0", ,-
All Top and Bottom 
*Bridges designated by geographical feature crossed; 
remaining information as given on Name Plate 
Design - 1939 
H-20 Loading 
Roller Supports 
00 Skew 7/9/68 to 
Non-composite 7/22/68 
Des ign - 1958 and 
H20-S16-44 7/7/69 to 
and modified 7/17/69 
00 Skew 11/4/69 to 
non-composite 11/14/69 design - 1961 
H20-S16-44 
and Alt. 
(25.4xin. = mmi 0.305xft. = m) 
Load Events 
Recorded 
130·test truck 
crossings 
12 truck traffic 
crossings 
First Series: 
77 Test Truck 
crossings 
302 Tr uck Traff. i c 
crossings 
.' 
Second Series: 
905 Truck 
Traffic 
Crossings 
1497 Truck 
Traffic 
Crossings 
C'?y 
Dynamic Properties 
Freq. Hz Damping 
Computed: % 
/-leas. C NC. CrItIcal 
0.8 
3.1 3.3 2.1 
1.6 
7.8 8.2 5.2 
5.2 5.5 3.1 1.4 
C = Compos ite 
NC = Non-Composite 
"-> 
00 
Table 4.1 Maximum Strains and Deflections for the Test Vehicle Crawl Runs at Salt Fork River Bridges 
Deflect ions, inches Top Flange Strains, ~in./in. Bottom Flange Stratns, 
LLin .. /in. Sect ion 
Gage TOl 102 103 104 105 113 121 122 123 124 125 
Lane 
1 0.29 0 0.30 103 110 18 A 
2 0.10 0 .. 23 0.33 -0 .. 26 O. 12 -61 38 68 122 77 56 
3 0,,02 0" 11 0.24 0.35 0.27 -22 8 37 80 112 115 
Gage 201 202 203 204 205 211 212 213 214 215 221 222 223 224 225 
Lane 
1 C .30 0.05 94 112 93 60 15 B 
2 0 0 13 0.27 0.34 0 .. 29 O. 14 -20 -44 -32 -47 ··24 39 75 1 1 1 102 48 
3 0 .. 03 0 0 15 0.28 0.38 0.26 -5 -13 -11 -57 ··44 11 48 83 130 11 0 
Gage 301 302 303 304 305 321 322 323 324 325 
Lane 
1 N C \.D 
2 0 .. 25 
3 0.03 O. 13 0.28 0 .. 35 0.32 1 0 45 - 85 102 11 7 
Gage 003 004 005 
Lane 
1 D 
2 
-97 -72 -37 
3 
-71 -88 -80 
Gage 411 412 413 421 422 423 
Lane 
1 F 
2 5 20 40 
-35 
3 20 
-6 
-7 -25 
'C25 .. 4xin .. = mm) 
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Table 4.2 Maximum Strains and Deflections at Midspan for the Test 
Vehicle Crawl Runs at Shaffer Creek Bridge 
Deflect ions, inches Bottom Flange Strains, 
!-L in ./ in . 
Gage 1 01 102 103 104 1 05 1 21 122 123 124 125 
Lane 
1 0 .. 07 o. 13 o. 18 o. 15 0.12 69 62 81 75 47 
2 0.01 0.07 o. 16 0.22 0.30 1 1 27 56 123 132 
3 0.0 0.01 0.06 0.13 0.26 -13 5 25 60 129 
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Table 4.3 Experimental and Theoretical Natural Bridge 
Frequencies and Observed Damping 
Natura 1 Frequency, Hz Damping, percent of 
Bridge Meas ured Computed>;'\" Meas ured 
f fO f lOO ~ 
Salt Fork River 3.12 2. 11 3.30 0.8 
Shaffer Creek 7.79 5.24 8.16 1.-6 
c. B. & Q. 5.24 3. 1 1 5.47 1.4 
-k Subs cr i pts refer to percent of compos i te act ion ass umed. 
critical 
,.-... 
en 
0.. 
.-
.::£. 
........... 
-co 
> 
"-
(l) 
+-' 
C 
1-1 
:3 
> 
c.!J 
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Table 6.1 Number of Traffic Runs in each GVW-Length 
Subset, Shaffer Creek Bridge, 1968 
Length Interval (feet) 
20··25 25-30 30-35 35-40 40-45 45-50 
15-20 0 0 0 1 2 0 
20-25 1 3 3 10 15 6 
25-30 0 1 1 8 28 15 
30-35 0 0 0 6 5 1 1 
35-40 0 0 0 1 8 3 
40-45 0 0 0 3 2 2 
45-50 0 0 0 3 4 0 
50-55 0 0 0 1 1 3 
55-60 0 0 0 0 3 6 
60-65 0 0 0 0 1 5 
65-70 0 8 4 0 3 6 
70-75 0 25 14 0 4 5 
50-55 
0 
0 
3 
2 
1 
1 
0 
1 
0 
0 
0 
--
0 
-. 
',.C 
0.. 
E 
"'--" 
..-
co 
> 
l... 
Q) 
.I-J 
C 
t-f 
""0 
Q) 
Q) 
0.. 
(j') 
. , 
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Table 6.2 Number of Traffic Runs in each GVW-Speed Subset, 
Shaffer Creek Bridge, 1968 
Speed Interval (mph) 
40-45 45-50 50-55 55-60 60-65 
15-20 3 1 3 3 1 
20-25 1 5 16 16 2 
25-30 0 7 25 19 3 
--- 30-35 1 3 8 10 2 Ul 
0.. 
0-
.::t. 35-40 0 3 7 3 0 
---
..-
cc 40-45 0 1 6, 1 0 > 
\.. 
Q) 
.I-J 45-50 0 4 2 0 2 c 
t-f 
~ 50-55 0 4 2 0 0 > 
C!l 
55-60 0 6 2 0 1 
60-65 ' 1 3 3 0 0 
65-70 4 13 2 1 1 
70-75 12 3 1 4 1 0 
Table 6.3 Number of Traffic Runs in each Speed-Length 
Subset, Shaffer Creek Bridge, 1968 
Lengt h Inte rva 1 (feet) 
20-25 25-30 30-35 35-40 40-45 45-50 
40-45 0 6 8 0 1 4 
45-50 0 26 9 9 16 19 
50-55 1 4 4 10 29 '23 
55-60 0 1 1 11 24 1'5 
60-65 0 0 0 3 7 1 
50-55 
0 
1 
5 
I 
0 
.--... 
..c 
0-
E 
........... 
...-
ro 
> 
1-
()) 
~ 
c 
I-f 
-0 
()) 
Cl) 
0-
t/) 
--.. 
(/) 
Cl.. 
.-
..::::t:. 
--..-
r.--
co 
> 
1-
(I) 
4-J 
C 
t----f 
:3 
::> 
c.!J 
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Table 6.4 Number of Traffic Runs in each Speed-S2 Subset, Shaffer Creek Bridge, '1968 
$2 Interval '(feet) 
5-10 10-15 15-20 20-25 25-30 30-35 
40-45 0 5 9 0 3 2 
45-50 0 26 1 1 5 20 18 
50-55 0 3 6 7 28 30 
55-60 Q 0 2 6 27 18 
60-65 0 0 0 0 10 1 
Table 6.5 Number of Traffic Runs in each GVW-S2 Subset, Shaffer Creek Bridge, 1968 
S2 Interval (feet) 
5-10 10-15 15-20 20-25 25-30 30-35 
15-20 0 0 0 0 2 1 
20-25 0 1 4 8 16 9 
25-30 0 1 3 6 27 18 
30-35 0 0 0 1 12 11 
35-40 0 0 0 0 8 4 
40-45 0 0 1 0 6 1 
45-50 0 0 0 3 3 1 
50-55 0 0 1 0 2 3 
55-60 0 0 0 0 1 8 
60-65 0 0 0 0 2 4 
65-70 0 8 4 0 3 6 
70-75 0 25 15 0 5 3 
35-40 
0 
0 
2 
0 
0 
35-40 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
a 
~ 
V) 
c.. 
0-
..::t. 
.......... 
..-
((I 
> 
s-
(J) 
+J 
c 
H 
3 
> 
(..'J 
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Tab 1 e 6.6 Number of Traff i c Runs in each GVW- Length Subset, 
Shaffer Creek Bridge} 1969 
--
Length Interval (feet) 
20-25 25-30 30-35 35-40 40-45 45-50 50-55 
15-20 0 0 1 3 3 2 1 
20-25 1 2 9 12 21 16 1 
25-30 1 0 0 7 55 52 2 
30-35 0 0 1 4 21 32 1 
35-40 1 0 0 2 14 5 0 
40-45 0 0 2 4 13 . 5 0 
45-50 0 0 1 2 7 5 1 
50-55 0 0 1 2 6 10 1 
55-60 0 0 1 0 13 11 0 
60-65 0 0 0 1 11 12 0 
65-70 0 0 2 0 22 21 0 
70-75 0 0 4 1 7 42 0 
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Table 6.7 Number of Traffic Runs in each GVW-Speed Subset, 
Shaffer Creek Bridge, 1969 
Speed Interval (mph) 
40-45 45-50 50-55 55-60 60-65 
15-20 '2 1 5 6 3 
20-25· 4 9 24 31 5 
25-30 0 8 37 52 14 
..--.... 30-35 0 6 22 24 4 V") 
0.. 
.-
..::t. 35-40 2 6 10 5 0 ......... 
.-
~er--4J 1 6 t6- 5- u 
s... 
OJ 
.j...I 45-50 1 3 9 4 0 c: 
1-1 
3: 50-55 2 6 9 2 1 > 
c..!J 
55-60 3 13 7 1 1 . 
60-65 2 8 1 1 2 0 
65-70 4 28 10 4 0 
70-75 1 1 35 7 0 0 
Table r::.. Q. v.v Number .of Traf f.i c Runs in each Speed~Length Subset, . 
Shaffer Creek Bridge, 1969 
Length Interval (feet) 
20-25 25-30 30-35 35-40 40-45 45-50 50-55 
40-45 1 0 3 0 13 14 1 
45-50 2 0 7 11 45 59 1 
50-55 1 1 4 14 77 61 5 
55-60 0 1 7 12 49 58 0 
60-65 0 0 0 1 7 15 1 
I 
" 
--. 
..c 
0. 
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,Table 6.9 , Number of Traffic Runs In each Speed-S2 Subset, Shaffer Creek Bridge, 1969 
I S2 Interval (feet) 
5-10 10-15 15-20 20-25 25-30 30-35 
40-45 0 0 2 2 1 1 14 
E' 
......... 
45-50 0 1 9 7 44 63 
..-
ro 
> 
.... 
1-; 50-55 1 1 7 13 72 69 (J) 
+-' 
c 
H 
-0 
(J) 
(J) 
0. 
V> 
55-60 0 1 8 9 51 58 
60-65 0 0 2 0 9 14 
,Table 6.10 Number of Traffic Runs in each GVW-S2 Subset, Shaffer Creek Bridge, 1969 
S2 Interval (feet) 
35-40 
2 
1 
3, 
0 
0 
5-10 10-15 15-20' 20-25 25- 30 ' 30-35 35-40 
15-20 0 0 0 1: 4 3 1 
20-25 0 1 8 9 ' 22 19 2 
25-30 0 1 3 6 64 44 0 
--. 30-35 0 0 (J') 2 4 19 33 2 
0. 
.- 35-40 i 2 1 1 8 .::L. 0 0 0 
.......... 
..-
40-45 2 3 14 5 ro 0 0 0 > ' , 
1-
'(J) 
45-50 2 6 7 1 +-' 0 0 3 c 
1-1 
3: 50-55 0 0 0 
> 3 7 10 0 (,!J . ' 
55-60 0 0 1 0 9 15 0 
60:65 '0 0 0 2 "10 1 1 0 
; 
65-70 0 0 2 0 19 26 0 
79~75, 0 0 4 ,," 1 8 41 0 
Table 6.11 Mean, Standard Deviation, and Coeffici~nt of Variation of the Percents of the Total Maximum 
Bottom Flange Strain at Section A in each Beam, Shaffer Creek Bridge -- Heavy Truck Traffic 
Year 1968 1968 1968 1968 1969 
Group A 11 Runs GVW ~ 40 kips 40 .s; GVW .s; 60 kips GVW? 60 kips A 11 Runs 
Number 222 135 27 60 541 
i'~ i'~ 
Beam IJ. CY c.o.v. \-L CY c.o.v. \-L CY c.o.v. \-L CY c.o.v. \-L CY c.o.v. 
1 5.5 2.7 0.49 6.5 2.8 0.42 4.0 1.4 0.28 3.8 1.6 0.41 - - -
2 9.8 2.4 0.25 10. 1 2.7 0.27 8.8 2. 1 0.24 9.7 1.6 o. 17 11.3 2.7' 0.24 
3 20.7 3.4 o. 17 20.5 3.9 o. 19 20.0 :2.9 o. 14 21.5 2.3 o. 11 20.5 2.0 0.10 
. 4 29.8 3.2 O. 1 ] 29.2 3.4 . O. 11 32.0 2.8 0.09 29.9. 2.5 0.09 29.0 1.6 0.05 
5 34.3 4.6 o. 14 33.7 4.8 o. 14 35. 1 4. 1 O. 12 35.2 4.2 o. 12 33.7 3.8 o. 11 
, 
* \-L and cr are the mean and standard deviation. 
I 
\..N 
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